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Sir 

I. I RANCOIS LAVFJ.LK, make the following declar^ion: 



, , J* . •^«"^« a Sciences at the Universitcde Pans lhavch«« 

cmp oy«i. the pos.t^ of Din«or of the I>ep.rtn,«t of Biolcgie, S«>.^ de cl,^,oS 
lor 17 y«ni^ inc uded m my responsibilities U the supervUion of bioloBicl Z^^^r 

tamily for preperues of tumor cell growth inhibition and tumor cdl death I am a co-^K^ 
on numerous H^Kc-iian, ir^Juding those hsted in .n«Aed Ap,«d„T 

f I- 1 ~^ .*^*^"***'"yP^'»'««*J">dedu««on*l background 

cZJ^Ji A '"^'Vr "r • «^cloprt,py| toxoid axnpound refSSTu, haein « 

oa/!^1 IJl . ! ^* •~*«8»i« of Compound I disclosed Tihe 

Chen ci .1 T !;'"'"J'°" «PP''«ion) «,d US. Patent Na5.2S4..S80 (^9/91 ,o 
C hen CI al assigned to HnstoUMycfs Squ.bb Comply (the -580 p^enf). 

' executed a declaration on December 27. 1994. thai was filed in »h-. 
application on December 29 1994 Sinr* ih>t ti™- t i. i. j '* 

.ha, declaration and fcK^d somemadvm^?^^ t1 

•uunu some iniavencnt errors To correa those ororj. to expand on iud 
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clarify other poinis, and to omil certain infonnation which I understand to be irrelevant, I am 
withdrawing my previous declaration and present this new replacement declaration for 
consideration by the United States Patent and Trademark Office. 

3 I orgiini7.cd and directly supervised the phannacological study of Compounds 
I, 11, and III Specifically, I supervised biological studies which compared the anti-tumor 
properties of a formulation containing Compound I with those of otherwise identical 
formulations respectively containing Compounds II and III. 

4 Compound U which was studied, can be named 4a-10D-diacetoxy-2a- 
benzoyloxy-5B,20-epoxy- 1 0-hyd7Oxy-7Q.XQ.methylene-9-oxo- 19-nor' 1 1 -taxen- 1 3a-yJ (2R,.1 S)- 
l-tert-butoxycarbonylamtno-2-hydroxy-3-phenylpropionate, which is exemplified in the '084 
application in £Ixampie at pp 40-41. Compound I is also disclosed in ifxample 23 of the \S80 
patent. the \S80 patent identifies Compound I by the name of N-dcbenzoyl-N-t- 
huU)xycart>onyU7-deoxy-8-dcsmethyl-7.8-cyclopropaiaxoU which is synonymous with the 
name given for Compound I in the *^^4 application. 

5. Compounds II and III arc exemplified in the '984 application in L*xample 1, 
p. ^0 (Compound 11), in Hxample 2 of the '984 application at pp. 36-37 (Compound III), and 
in the *580 patent in Examples 3 and 21 (Compound 111). Compound Tl also falls within the 
genus of formula 1 found at column 1 of the '580 patent btit is not exemplified in the 580 
patent 

6 Compounds I, II, and III have the folio%ving structural formulae: 



o 




COMPOUND 1 
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COMPOUND III 

7 Compound H diffen fmm Compound I only in that Compound H has an 
hydroxy fftiaf instead of an acctoxy group at position 10. Compound III dsfTers from 
Compound Konfy in ihai instead of the t-butoxy group on the side-chain. Compound III has 
a phenyl group. 



8a. I'he biological studies which I supervised compared the in yirra and in 
vivo anii-iumor pmpcrties of Compounds 1, U and III. The purpose of the in vivQ icsi was 
to assess relative antitumor aatvity. 

8b In the in vitro study, the anti-tumor properties of aimpounds U U, and 
III were compared against two difTcrcnt tumor cell lines characicri/ed by low and high 
expression uf the multi-drug resistance gene. It is known that some cancers, such as colon 
cancer, arc mina^ically drug resistant while others acquire resistance following chemotherapy 
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This phenomenon is known in the art as muhidrug resistance, and multi-dnig resistant cell 
lines usually contain m amplified gene, termed MDRl in the human Thus, in the treatment 
of such types of cancer, the multidrug resistance properties of a drug are highly significant. 
In general, sec J Natl Cancer Inst 1989,81 116.124, attached as Appendix II. 



8c The in vitro activity is evaluated in the P388 murine leukemia cell line 
and the P388 murine leukemia cell line resistant to doxorubicin and expressing the 
multi-drug resistance gene (P388/DOX), Use of these murine leukemia cell lines in 
evaluating multi^drug resistance is well-accepted in the art, as excmpUried in Cancer 
Treat Rep 67:905-922, 1983. attached as Appendix III. 

8d. 3 X 10* cells/mi were grown for 96 hour^ in the presence of various drug 
concentrations. Cells were then incubated for 16 hour^ with 0 02% natural red. 
washed and ly/xd with 1% SDS (sodium dodecyl sulphate) 

Kc. The incorporation of the dye reflecting the cellular growth was assayed 
by optical density measurement at 540 and 346 nm. 

Rf The concentration of the drugs resulting in 50% growth inhibition (1C„,) 
was then determined: the lower the IC^ value the higher the potency of the 
compound. 

8g The lower the ratio (IC»-P388/DOXy(IC^-P38«), the "Resistance 
Factor R," the higher the activity of the compound as an efTcctive tumor cell growth 
inhibitor of multi-drug resistant cell lines. 

8h. The results of the comparative in vitro study are presented in the 
following 1'able A. 



Description of the In Vitro Test 




a 



3DVd 
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TABLE A 



Compound 






RestNUncc Factor R j 




P388 


H388/DOX 




1 


0 03 


0.25 


8 1 


II 


003 


OAS 




III 


0.08S 


1 80 


21 1 



DescriptUtn of the In Vivo Teat 



Hi In the in vivo study, antttufnor ictivity of compounds I, U ind III were 
evaluated in HI6 melanoma-bearing mice wherein tumors were implanted as xubcutmnoous 
bilateral fragments in 116 02FI mice. 

Description of the methodology 

Kj llic animals necessary to begin a given experiment were pooled and impUntcd- 
-Kubcutaneously bilaterally with 30 to 60 mg tumor fragment on day 0 with a 12 gauge trocar 
Bilaicral tmplanti were used to insure a more uniform burden per mouse and thus reduce the 
requirement tor a greater number of mice per group. 

Hk. For an early stage tumor treatment, the tumor-bearing animals were again 
pooled before unseiected disuibution to the various treatment and control groups. 

81. For an advanced stage treatment the solid tumors were allowed to grow to the 
desired size rsinge (animals with tumors not in the desired range were excluded). 'I1ic mice 
were then pooled and unselectively distributed to the various treatment and control groups. 

8m. Non tumor bearing animals (hfTBA) were oAcn matched tu tumor^bearing 
groups arKl g^vcn the same mute, dose and schedules. In this way^ drug-indtKed toxicity can 
be clearly sep ar a t e d from the effects of the tumon. 

8n. Chemotherapy w started within 3 to 24 days after tumor implantation. 
Compounds h II. and III were injected intravenously (i.v.) uiuler a volume of 20 ml/kg. Mice 
were checked daily and adverse clinical reactions were noted. 

8o Fach group of mice was weighed as a v^le three to five times weekly until 
the weight nadir was reached. The groups were weighed once or twice weekly until the end 
of the experiment. 

8p rumors were measured with a caliper twice or three times weekly until the 
tumoDi reached 2.000 mg or until the animal died (whichever came Tint). 

•5- Q.C\V 
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>^\. Solid tumor weights were estimated from two dimensumal tumor 
measurcmcnis 

Tumor weight (mg) - IcnRth fmm) x width 2 (mm^^ 

2 

Xr. The day of death was recorded. Surviving animals were killed and 
macrDsa)ptc examination of the thoracic and abdominal cavities was carried out. In some 
cases, tissue samples were submitted to histological evaluation. 

• End point for assessing antitumor aaivity 

Ks Antitumor activity evaluation was done at the highest non«toxic dosage 
(HN 10). "HNTD" is dcfmcd as the dose which gives no lethality and produces less than 
20V* body weight loss at nadir. A dosage producing 20% weight loss nadir (mean group) or 
20% or more drug deaths, was considered an excessively toxic dosage. Animal body weights 
included tunxir weights. 

- Tumor grx>wth inhibition (T/C) 

Kt Tlic trcntment and control groups were measured when the median of the 
a)ntrol group tumors reached approximately 7S0 to 1,200 mg. The median tumor weight of 
each gniup was determined. 

Xu. The T/C value in percent is an indication of antitumor cfl'ectivencss. 

T/C (%) = 100 x median tumor weiyht of the treated tiroups 
median tumor wci^t of the control groups 

8v According to NCI (National Cancer Institute) Standards, a T/C < 42% (score 
I) is the mmmal levd to declare activity. A T/C < 10% (score: * ^) is umsidcrod to 
indicate htglK/Hiit tumor activity and is the level used by NCI to justify further development. 
This is in<fiiiod tti Instruction 27 IB, dated April 1, 1978, attached as Appendix IV. As is 
seen therein, there are four types of tumors for which median tumor weight is the appropriate 
parameter, at in the tests described herein. In all four instances, the 'Initial Atrtivity' is 
reported at -'42. In the three instances where further studies were reponed, DN2 is given as 
<10%^ DN2 means decision number 2, thus reflecting a levd that VKXild justify further 
development, acairding to the National Cancer Institute standards. 



SCIZS^S Z CC* 'OX 
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- Tumor growth delay 

8w T and C arc the median limes (in days) required for the treatment group and 
the a)ntrol group tumors respectively to reach predetermined sire (usually 750 to 1,000 mg) 
Tumor tree survivors ure excluded from these calculations and tabulated separately. 

8x. This value is the more significant one as it allows the quantification of the 
tumor cell kill, discussed below as log cell kill. 

- Determination of the tumor doubling time ( I'd) 

Ky Id is estimated from the best fit straight line from a log linear growth plot of 
the control group tumors m exponential growth (100 to UOOO mg range). 

- (^antificatioo of tumor cell kill 

8z. For subcutaneous growing tumors, the total log cell kill is calculated from the 
following formula: 

log cell kill (gross or total) = (T - O value m days 

3 32 X Td 

where T-C is il>e tumor growth as described above and Td is the tumor volume doubling time 
in days. 



Kaa. The log cell kill value can be converted to an arbitrary activity rating with the 
following table as is shown at page 718 of CANCER RESEARCH 44. 717-720. February 
1984, attached as Appendix V: 



- 

Activity 


Duration of treatment (5-20 days) 
logw kill gross 


r^lfighly active ^-h-+ 
Inactive - 


> 2 8 
2 0 to 2 8 
13 to 19 
0 7 to 1.2 

< 0,7 



8ab With respect to log cell kill value, there is a significant difference between 
ratings of +++ and •♦♦f as compared to + and This is explained at page 718 of 

Appendix V as follows 



An aaivity rating of +-tH" or ^ is needed to effect partial or complete regression 
ot 100- to ^00-mg masses of most transplanted solid tumofs of mice Thus, an activity 
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rating of ^ or would not be scored as active by usual clinical criicria. (footnote 
omitted) 

8ac The results of the comparative in vivo study are presented in the following 
I'ablc 11 I have included data relating to an additional test re^^ding CompcHind I that was 
overlooked when my December 1994 declaration was prepared. Also, the h«x below Table 
R has bcai modiried to corroa an errur in transcription rqarding the log cell kill scores that 
occurred in my December 1^794 declaration and to add some additional clarifying information 
regarding the iVC x 100 scores, llicse changes arc consistent with the information given in 
Appendices IV and V 

TABLES 



Ctimpound 


T/C: X 100 


Score 


Log cell kill 


Score 


1 


6 


++ 


27 


+-M- 


I 


16 




20 


••■+-•• 


II 


17 


+ 


1.0 


1 


1 


53 




not relevant 


iMrt relevant 



In the experiments: tumor (BI6 melanoma) graAed s c. on day 0 in mice; i v treatment 
tm days 5. 7 and 9. 

Score (T/C x UK)): I7C < 10 : ++ (highly active); T/C from 10 to 42: + (aaive); T/C - 
42 - (inactive) (see Appendix IV). 

Score (U>g cell kill); -07 - ; from 0.7 to I 2: + ; from 1.3 to 1.9: ++ , from 2.0 to 
2.8: • ♦^^ (see Appendix V). 



8ad.>^ Baaed on my experience and education, "log cdl kill* is nKKe ciuseiy related 
to tumor reflation than is *T/C x 100**. which is consistent with the fad that Appendix V 
refers only to "ktg ceil kill* and not to "T/C x 100" with respect to antitumor activity 
l*urthcr, I note that since it was determined that Compound III is inactive in accord with the 
NCI r/C standards set forth in Appendix IV, *log cell kill* for Compound III is irrelevant and 
was not evaluated. 

CONCLUSION 

^ Based upon the results of the biological evaluation shown in the above Tables 
A and it is my profes-^ional opinion that Compound I is the superior anii-lumor compound 
m comparison to the closely related compounds II and lU. 



0 1 33Vd 
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As shown by the in vitro tests, Compound I significantly has about 2-.^ 
told more ctVecttve multi-drug resistance properties than Compounds 11 and III. 

Vb. In the in vivo tests. Compound I. having a log cell kill arbitrary activity 
rating (see the Tabic above in ^ aa) of , was superior to Compound II, which, although 
active, demonstrated a log cell kill arbitrary aaivity rating of only h . Even though the two 
tests run on Compound i had log cell kills that difTercd by 0 7. the important point is that 
both values correspond to an arbitrary activity rating score of +-H" As pan of my 
experience explained above. I have had the occasion to do many in vivo tests of the same type 
described above on the known TAXOTERE® antitumor compound , which is also a member 
of the taxoid family and has the following structural formula: 




1 AXOTERE® Antitumor Compound 

To the best of my recollection, even though the tog cell kill values of TAXOTERH® 
antitumor compound have differed in numerical value in these in vivo tests, the arbitrary 
activity rating score has always been . TTnis, I have no reason to believe that if 1 

repeated the in vivo test for expound 11, 1 vrauld obtain a different arbitrary aaivity rating 

.sa)re. 

£9b. The in vivo tests also demonstrate thai, in accord with the I7C x 100 
cvahiations, Cbmpound I i% active, and Compound m is inactive. Such a difference between 
active and inaaivc is significant, even though the log cdl kill is more cloKly rdated to nimor 
regulation. 

'Jd. Thus, in view of the close structural similarities of Compounds I. II, and 
III, I consider that the multi-drug resistance properties and the log cell kill properties reported 
herein, taken together, dcmonsuatc that Compound 1 is unexpectedly superior to 
Compounds II and III 

1 0 1 declare further that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true and further that 
these siaicnienis were made with the knowledge that willful false statements and the like so 
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made arc punishable by ftnc or impn^inmcnt, or both, under Section 101 1 of Title 18 of the 
United States OkJc and that such willful false sutexnents may jeopardize the validity of the 
084 Application or any patent issuing thereon. 



Dated April 14, IW5 By: ^ 

Frvi^ois Lavdle 

lavel74dcc 



- to 
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APPENDIX I 

PUBLICATIONS 



• Luminescence des cr.aniDignons lummeux 
F lAVgLLg, P. DUROSAY et A.M. MICHELSON 

C.R. Acad. Sci. Pans 2Z5 (1972) - 1227-1230, 



* Biological protection by superoxide dismutase 
P tAVPltg. A.M. MICHELSON and L DIMITRIJEVIC 

Biochem. Biophys. Res. Com, 5S (1973) - 350-357. 



- Suoeroxyde dismutase • Fonccon et concemraiion de rerythrocuprdine chez Thumain normal 
P I AVFI I P K. PUGET et A.M. MICHELSON 

C.R. Acad. Sci. Paris ZZfi (1974) . 2695-2698, 



- Purification et 6tude des deux superoxyde dismutases du champignon Pleurotus oteanus 
F I AVn 1 g et A.M. MICHELSON 

Biochimie 5Z ( 1 975) - 375-38Z 



Superoxide dismutase activities of blood platelets in trisomy 21 
P.M. SINET, F I AVFHP A-M, MICHELSON ana K JEROME 

Biochem. Biophys. Res. Com. fiZ (1975) - 904-909. 



- Superoxide dismutasas fnxn procaryote and eucaryota btotuminescent organisms 
K. PUGET, P I AVR I F and A.M. MICHELSON 

in "Superoxide and Superoxide Dismutases* 

Editad by A.M. MICHELSON, J.M. McCORO and I. FRIOOVICH • Academic Press, (1977) . 
139-15a 

A pulse * radiotysis study of the cata^c mechanism of the irorhcontainir^ superoxide dismutase 
from Photobaaenum leiognathi 

F I AVFI 1 P M.E McADAM. E. MARTIN RELOEN, P. ROBERTS, K. PUGET and A.M. * 
MICHELSON 

Biochem, J. Ifil (1977) -3-11. 



A oulse • radiolysis study of :i"e r-arganese-cortaining suoeroxiae cismutase from Bacillus 

stearothermoonilus : I A kinetic roaei for re enzyme acjon 

M.E. McADAM, R.A. FOX. F i^VgLLE ano E. MARTIN FIELDEN 

Biocnem. J. 155(1977) • 71-79. 



A pulse • radiolysis study of the rranganese-containmg suoeroxide dismutase from Bacillus 
stearothermophilus : I!. Fuaner studies on tne properues of the enzyme 
M.E. McADAM, P i AVR Lg R.A. FOX aro E, MARTIN FIELDEN 

Biochem. J. Ififi (1977) • 81 -87. 

The irrvolvement of the bnding imidazotate m the catalytic mechanism of aaion of bovtr^e superoxide 
dismutase 

M.E. McAOAM. E. MARTIN FIELDEN, P ' AVR t P L CALABRESE, 0. COCCO, G. ROTIUO 
Biochem, J. iSL (^977) - 271-274. 

Expenmental and clinical aaivity of new anthracycline derivative ; detorubicin 
( 1 4*dietnoxyacetoxy daunorubidn) 

R. MARAL D. HEUSSE, F ' AVFi I F Q. CUEILLE MARLARD. C, JACQUILLAT. 
J. MARAL M.F. AUCLERC. M. NEIL G. AUCLERC and J. BERNARD 

Recent results in Cancer Research (1980) - 17M83. 

Iron (lll)-AdrianTycin and iron (III) - Daunorubicin complexes. PhysicochemicaJ charaaenstics, 

intisracuon with DNA and antitumor activity. 

H. BERALDO, A. GARNIER-SUILLEROT. L TOSI, P i AVFU P 

Biochemistry 24 (1985) - 284-289. 

The experimental antitumor activity of 8-cart)amoyl-3-<2<hloroetftyl)-imida2o(5J -ol-l. 2, 3, 5- 
tetrazin-4 (3H)-on« (Mitozolomide), a novel broad spectrum agent 

J.A. HICKMAN, M. F.G- STEVENS, N.W. GIBSON.- S.P. LANGDON, C. FIZAMES. F I AYFl 1 
a ATASSI and E. LUNT 

Cancer Research 4S (1985) • 3008-3011 



Synthesis and antitumor activiTy of 3'-C-Metnyf-0aurK)fXibicin 

T.T. THANQ, J.L IMBACH, C. RZAMES. F ' ^^^^ * ^ G. PONSINET, A. OLESKER and 
G, LUKACS 

Cartxjhydrate Research Iffi (1985) - 241 -247. 



Utilisation de cellules permeabiiisees cans I'etiicie de produits mhibiteurs oe la reoiication ce vin-s ce 
I'herpes 

I. BAGINSKI. G. COLSON. £ ' AVELLE. A. ZERIAL 
Pamologie Biologie ^ (1985) - 618-622. 



Stnjaure et Actvirt des Anthracyciines 
PatfioiOQie Biologie 35 (1987) -11-19. 

Interface prWinique - Phase I des nouvelles moldcules en Cancerologie 

Phannacologie clinique : ActualitAs et Persoectivea 
Editions de riNSERM, iSfi (1987) - 195-206. 



Protocdee d'fttude pricliniqge des agents anotumoraux 
c I AVP1 1 F A. CURAUDEAU 

D*velopp«mem m Evaluation du m*dicamem 
Editions de I INSERM. ISL (1987) - 177-194. 



• Synthesis and Experimental Antitumor properties of 6-alkyl (or aryl) thio-S deaxaot6ndinea 
F. POCHAT. EJj^iffllL C. FIZAMES and A. ZERIAL 

Eur. J. Med. Chem. 22 (1.987) • 135-137. 

. Antitumor imidaxotetrazinee • Part U - Synthesis and antitumor activity of 6 and 8-8u6$tituted 
imidazo t5.1-<Jl-l.Z3.S tewazinones and 8-8utJstitut©d pyrazolo [5.1-dl-l.Z3.5-ietrazinones 
E LUNT C G. NEWTON. C, SMrTH, G.P. STEVENS. M.F. G. STEVENS. C.G. STRAW. 
Rjl WALSH. P.J. WARREN, C. RZAMES. F I AYFU.E. S.P. LANGDON and LM. VICKERS 

J. Med Chem. 30 (1987) - 357-366. 



• Antrtunor activity and pharmacokinetics in mice of 8-cart)amoyJ-3-methy) -imidazo 
[5,1-dH A3.5-t«razin-4 (3H) one (CCRG 81 045 ; MB 39 831). 
A novel drua with ootwitial as an alternative to dacaroazine 

M F. a SreVENS. HICKMAN. S.P. LANGDON. D. CHUBB, L VICKERS. STO^E,, ^ 
G. BAIQ. C. GOODARD. JA SLACK. C. NEV/TON. E LUNT. C. RZAMES and F 1 AVEU .E- 



Cancer Reswch H (1987) - 5846-5852 
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- La girolline, nouveiie substance antitumoraie extraite de reponge, Pseudaxinyssa canmareila n. so. 
(Axine)lidae) 

A, AHOND, M. BEDOYA ZURITA, M. COLIN. C. FiZAMES. P. LA80UTE, F U^VPI f P 
D. LAURENT. C. POUPAT. J. PUSSET, M. PUSSET, 0. THOISON et P. POTIER 

C. R. Acad. Sci. Paris, t 3Q7. S6rie II, 1988. p. 145-148, 



- Differential sensitivrty to pertussis toxin of 313 cells transformed with different oncogenes 
I. REY. H, SUAREZ P ' ^VP I P and a TOCQUE 

FEBS Letters. 231 (1988) 203-207, 



* La strat6gie de la recherche des medicaments anticanc^reux 
F, UYELLE 

Cancer Communication, 2. 1988, 257-260. 



- Synthesis and antitumor activity of 1-(diaJkyiamino)alky1amino-4-methyi-SH-pyrido l4,3-bl berao (el 
(and benzo (gD indoles. A new dass of antineoplastic agents. 
C.H. NGUYEN, J.M. LHOSTE P ' Avn I P M.C. BISSERY and E, BISAGNI 

J. Med. Chem,, 1990. 23. 1519-1521 



- The preparation of the 8-add derivative of mttozolomide, and its utility in the preparation of actve 
anti -tumor agents 

K.R. HORSPOOU M,F.G. STEVENS, C.G. NEWTON, E LUNT, R.J.A. WALSH. B.L PEDGRIFT. 
G,U. BAIG, P I Avn 1 P and C. RZAMES 

J. Med. Chem.. 1990, 31 1393-1399, 



- Relatior^hips between the structure of taxot analogues and their antimitotic activity 
F. GUERITTE-VOEGELEIN, D. GUENARO, P ' avpi < P M-T, L£ GOFF. L MANGATAL and 
P. POTIER 

J. Med. Chem., 1991, at 992-998. 



• Antitumor activity arxj mecharrism of action of the maririe compound girodazole 
F ' A\/Pi I P A. ZEfllAL, A. CURAUDEAU, B. RABAULT and C RZAMES 

InvestigationaJ New Ougs, 1 991 , 3* 233*244. 



- Heterocyclic Qumoiones. 1 7. A new in vivo aaive antneooiastic drug : 6,7-Bis 
(1 -a2indinyl)-4.{3-(N,N, dirrethyiammo) prooyllaminol-S.S-Quinazolmedione 
S. GIORGI-RENAULT, J. RENAULT, P. GEBELSERVOLLES, M. BARON, C PAOLETTI, 
S. CROS, M.C. BISSERY. F i AVgLLg et G. ATASSI 

J. Med. Chem., 1991. 34. 38-46. 



- Exoerimental amitumor activity of Taxotere (RP 56976, NSC 628503C). a taxol analog 
M.C. BISSERY. 0. GUENARD. F. GUERITTE-VOEGELEIN and F LAVFM F 

Carxer Research. 1991 . 5L 4845-4852. 



- From the modeliiation of ONA platination to the conception of new drugs. 
E. SEGAL-BENOIRDJIAN, P. BREHIN, a LAMBERT, A, LAOUi, J. KOZELKA, J.-M, GARROT, 
P. MAILUET. M. BARREAU, P ' AVR I F A..M,J. RCHTINGER-SCHEPMAN. AT. YEUNG, 
A. JACQUEMIN-SABLON. J,-B. LE PECO and J.C.-CHOTTARO 

Platinum and Other Metal Coordination Compounds in Cancer Chemotherapy, 1991, 37-49. 



- Mode of action of the amitumor compound. Girodazole (RP 49532A, NSC 6Z7434) 
G. COLSON, B. RABAULT, F i Avn ! F and A. ZERIAL 

Biochem. Pharmaco*., 1992.41 1717-1723, 
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Expression of a Multidrug Resistance Gene 
in Human Cancers 

Lori 1 Goldstein, Hanan Galski, Antonio Fojo, Mark WiUingham, 
Shinn-Uang Lai Adi Gazdar, Robert Pirker, Alexander Green, 
William Crist, Garrett M Brodeur, Michael Ueber, 
Jeffrey Cossman, Michael M. Gottesman, * Ira Pastan 



Many cancers have betn cured by cbcmocberapeutk sgents. 
However, other cancers are intrinsically drug resistant, and 
some acquire resistance following chemotherapy. Oooinf at 
the cDNA for the human MDRl gene (also known as PGYl), 
which encodes the multidrug efHu protein P«g}ycoprot£in, 
has made it possible to measure Icvcb oC MDRl RNA 
in human cancers. We report the levels of MDRl RNA 
in >400 human cancers. MDRl RNA Icvcb were usnaDy 
elevated in untreated, intrinsicaUy drug-resistant tumors, 
iDcluding those derived from the cokm, kidney^ adrenal 
gland, liver, and pancreas, as well as in carcinoid ttunors, 
chronic myelogenous leukemia in blast crisis, and cell lines 
of non-small cell carcinoma of the lung (NSCLC) with neu« 
roendocrine properties. MDRl RNA leveb were occasion* 
ally elevated in other untreated cancers, including nen« 
roblastoma, acute lymphocytic leukemia (ALL) in adults, 
acute nonlymphocytic leukemia (ANLL) in adults, and in- 
dolent non-Hodgkin*s lymphoma. MDRl RNA leveb were 
also increased in some cancers at rdapae after rbemoCfcer* 
apy, including ALL, ANLL, brcait cancer, neuroblastoma, 
pbeochromocytoma, and nodular, poorly differentiated lym- 
phoma. Many types of dmg-acnsithne and dmg-resistant 
tumors, including NSCLC and melaaoma, contained on- 
detecuble or low leveb of MDRl RNA. The consistent 
association of MDRl expresnon with several intrinsically 
resistant cancers and. the increased expression of the MDRl 
gene in certain cancers with acquired drug resistance Indi- 
cate that the MDRl gene contributes to multidrug resistance 
in many human cancers. Thus, evaluation of MDRl gene 
expression may prove to be a valuable tool in the identifi- 
cation of individuab whose cancers arc resistant to specific 
agents. The information may be useful in designing or al- 
tering chemotherapeutic protocob in these patients. (J Natl 
Cancer Inst 1989;81:116-124] 



Chemotherapeutic agents have proven to be effective in 
the cure or palUatioQ of some human cancers; bovbrever. both 
intrinsic drug resistance and acquired drug resisunce remain 
clinical obsudes in the treatment of many other cancers. For 
the study of the mechanisms of multidrug resistance, tumor 
cell lines have been selected for resisunce to the Vinca al- 
kaloids, doxorubicin, dactinomycin, and related natural prod- 
ucu (i-5). Intracellular drug accumulation has been found to 
be decreased secondary to increased drug efflux in these cell 
lines (Z6\ These multidrug-resistant cell lines usually con- 
uin an amplified gene, termed MDRl (also known as PGYl) 
in the human, that u transcribed into a 4^-kiloba$e mRNA 
(7-/2). The protein product of this gene is a 170-kilodalton 



Received October 7. 198S: accepted October 19, 198S. 

Supported in pan by Public Heaich Service fnau CA-2 1762. 3099. 
and CA*31366 from the Naoooal Cancer Institute. Nitional Instiiuies of 
HeaJth, Dcpanment of Health and Human Services: and by the Amcncan 
Lebanes Syiias Aaociated Ouiities. 

L J. Coldscia. H. CAlski A. Foyo. KC WUling ham. M. M. Gonesman. an*^ 
L Pastan (taborvtoiy of Molecular Biology, Division of Cancer Bioiogy 
and piagnosisX S.-t* Lai and A. Gaidar (NCI-Navy Mcdicai Oncology 
Branch. Divisoo of Cancer TreaimentX and i. Cosamaa (Laboratory of 
Patbotofy. DivisBOB of Cancer Bioiogy and Diagnoeis), National Cancer 
Insmme, Berhniia. MD. 

R. Pirkcr. Seeood Medical Clinic, Ganiiaongasae 13. A- 1090 Vienna, 
Auttiia. 

A. Green and W. Crifl. Dcpftrtmem of Hematolofy*Oncotogy. Sl Jude 
Children*! Research HoipitaL and Dcparunent of Pediatric!. University of 
Tennexaee, Memphis, TN. 

G. M. Brodeur, Depanmcm of Pediatrics. Washington Univcnity School 
of Medicine. Sl Louis. MO. 

M. Ueber, Mayo CUnic. Rochester. MN. 

We (hank Brenda Gerwin, Ceraldine Schechter. CHvc Gnnt. and lohn 
Long for supplying tumor samples. We alto thank Joyce Shamr. Jennie 
Evans. Aithca Caddis, and Ann Schomben for typing the manuscnpi and 
Steven Neal for photographic siii s n nct 

*Corrtspond€nce w: Dr. Michael M Gonesman. Bldg. 37. Rm. 2EI8. 
National Institutes of Health. Bethesda. MD 20891 



Journal of the National Cancer Institute 



membrane glycoproiein, called P- glycoprotein or the mul- 
tidrug iransponcr. is an cnergy-depcodcm drug efflux 
pump (I3J4), 

A full-length cDNA for the MORI gene from one of the 
multidrug-resistant human KB carcinomi cell lines has been 
isolated and sequenced (15,16). With the use of a region of 
this cDNA as a probe, the MDRl gene has been shown to be 
expressed at a high level in normal human kidney, adrenal 
gland, liver, and colon (17). In the kidney, liver, and colon, 
the MDRl gene product (P-glycoprotein) was present on the 
luminal surface of epithelial cells, which is consistent with a 
normal role of this protein as a transporter (18), In addition, 
several human cancers, including adenocarcinomas derived 
from tissues that normaUy express the MDRl gene, have 
been shown to overexpress MDRl RNA (17J9\ Immuno* 
chemical analysis revealed overexpression of P*glycbprotein 
in two of five patients with ovarian carcinoma./ 20) and 
in two patients with drug -resistant acute nonlymphocytic 
leukemia (ANLL) (27). In 25 patients with sarcoma, six tu- 
mor samples had elevated levels of P-glycoprotein (22). 

To investigate further the association of the expression of 
the MDRl gene in human cancen with drug resistance, we 
have measured MDRl RNA levels in many types of human 
cancers. We report here measurements of MDRl RNA levels 
in >400 human cancer specimens. Our resulu identify four 
groups of cancers (a) cancers that usuaUy express high 
levels of MDRl RNA, (h) cancers that occasionally express 
high levels, (c) cancen that rarely express MDRl RNA, and 
yd) cancers that express the MDRl gene at elevated levels 
after exposure to chemotherapeutic agents. Taken together, 
these results arc consistent with an important role for the 
MDRl gene in clinical drug resistance and su^^est that 
measurements of MDRl RNA can be useful in the design 
of chemotherapeutic protocols for certain tumors. 

Materials and Methods 
Cell Lines 

KB-3-1 is the drug -sensitive parental KB (HcLa) cell line. 
KB- 8 -5. which is four times as resisunt to doxorubicin and 
six limes as resistant to vinblastine, was derived in two steps 
from KB-3-1 by selection in colchicine (4\ KB-8*5 has 
increased levels of MDRl mRNA without gene amplification 
(7). Cell line KB-CI was derived in two further steps from 
KB- 8 -5 and is 160 times more resistant to doxorubicin and 
96 times more resistant to vinblastine than KB* 3*1 is (6). It 
has amplified the MDRl gene about 100-fold and expresses 
MDRl mRNA at a very high level (7). 

MDRl Hybridizattoo Probes 

cDNA was prepared with the use of RNA from KB-C2^ 
cells, which contain large amounts of MDRl mRNA, and 
was insened into the EcoRl site of bacteriophage Xgtll 
{15\ Probe 5A. which encodes about one-third of the cod* 
ing region of a full-length MDRl cDNA, was labeled by 
nick translation before use in the RNA slot blot analyses 
{IS). An MDRl genomic fragment of 785 base pairs (bp) 
ihai was derived from PvuD-digested plasmid pMDR-P2 
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was used to make a riboprobc with SP6 polymerase for 
the RNase protection assays. This fragment conuins the 
cranscription-inidation sites of the downstream promoter and 
additional sequences 3' to the downstream promoter (2i). 
Deoxycytidine 5'.(a-«P]tripho$phaie (3,000 Ci/mmol; Ci = 
37 GBq) and uridine 5'*(a-"P)tripho$phate (3,000 Ci/mmol) 
were from DuPont/NEN Products (Boston, MA). Promcga 
Biotcc (Madison, WI) was the source of the PGEM4 and the 
Riboprobe Gemini System IL The Amersham Corporation 
(Arlington Heights, IL) manufactured the nick-translation 
system. 

RNA Extractkm and Electrophoresis 

All samples were stored frozen at -70 "C. Before RNA 
extraction, solid tumors were pulverized on a mcul surface 
on a bed of dry ice. Bully coats from leukemia samples 
or leukemia blast cells isolated by FicoU-Hypaque gradient 
centrifugadon and frozen in 10% dimethyl sulfoxide were 
thawed rapidly at 37 'C and ccntrifiiged For lung can- 
cer and mesothelioma, cell lines were available for analy* 
sis. The lung cancer cell lines were esublished, grown, and 
characterized as previously described (24-28), Tissue cul- 
ture dishes and flasks of cell lines were washed twice with 
phosphate-buffered saline without calcitim and magnesium. 
Total cellular RNA was extracted by homogenization in 
guanidinium isothiocyanate followed by cennrifugadon over 
a cesium chloride cushion (29) or by acid*phenol extrac* 
uon (30\ The RNA was electrophoresed in 1% agarose-6% 
formaldehyde gels. One microgram of total RNA was loaded 
per lane. The ribosomal RNA appeared undegraded in almost 
all samples reported here. Samples with degraded RNA were 
not further analyzed 

Slol Blot Analysis 

Nitrocellulose filters were presoaked in lOX SSC HX SSC 
= 0,15 Af NaCl/13 mA# sodium citrate, pH 7). Jerial di- 
lutions of 10, 3, 1, and 0.3 Mg of each sample of toul 
RNA in lOX SSC were applied to each well of a Schlei- 
cher and Schuell slot blot apparatus. After baking at 80 *C 
in a vacuum oven, the filters were prebybridized for 4-6 
hours at 42 •C in 50% formamide, 5X SSC. 5X Denhardt's 
solution (IX Denhan*s solution = 0.02% FicoU, 0.02% 
polyvinylpyrrolidone, and 0.02% acetylated bovine serum al- 
bumin), 50 mAf sodium phosphate (pH 6J), and 200 Mg of 
salmon sperm DNA/mL The filters were then hybridized 
for 16 hours at 42 *C in 50% formamide. 5X SSC, IX 
Denhardt*s soludoo, 10% dextran sulfate, 100 Mg of salmon 
sperm DNA/mL, and 20 mM sodium phosphate (pH 6.5) 
with 5 X 10* cpm of nick-trahslated cDNA/mL After hy- 
bridization, the filters were washed four dmes for a toul of 1 
hour with IX SSC/0.1% sodium dodecyl sulfate (SDS) at 
23 •C followed by two 10-minute washes with 0.2X 
SSC/0.1% SDS at SO *C. Autoradiographs were exposed for 
1-5 days. Hybridization with a nick -translated 7-aciin probe 
(31) was performed to compare RNA loading. 

RNase Protection Assay 

The starting sites of MDRl transcription in various human 
cell lines and tumors were mapped with an RNase protection 
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issay wiih the use of » labeled SP6 ami-scnse RNa probe 
785 nucleotides) dcri"*^d from ihc PvxiD-digcjicd pUxnid 
described above. Tw . microgrims of total RNA from 
fach sample was hybridized with 3 X IQ^ cpm of the ri- 
boprobc, and RNase digestion was performed as previously 
described (2iJ2). 



Results 

Quantitation of MDRl RNA 

MDRI RNA was routinely measured by a slot blot pro- 
.-cdure in which various amounu of RNA from unknown 
2nd known samples were applied to the same bloc A typical 
RNA slot blot is illustrated in figure 1. RNA from KB-3-1 
:eUs, which are drug sensitive, and RNA from KB-8-5 ceUs, 
•vhich are about fivefold multidrug resisunu were mcluded 
.n each blot Reladve to KB-3-1 cells, the KB-8*5 cells have 
a 30- to 40-fold increase in MDRl mRNA (77). On this ba- 
sis, the signal intensity of 10 Mg of KB-8-5 total RNA was 
assigned an arbitrary value of 30 U. The value of the signal 
from each tumor is expressed relative to that of the signal 
from KB-8-5 RNA. KB-8-5 RNA gives a reproducible and 
easily detectable signal To ensure reproducibility of results, 
we normalized the quantity of RNA loaded for the amount 
of actin RNA detected. Normalization was usually not nec- 
essary, since the amount of RNA was similar in all the blou 
fig. 1). 

Cancers With High Leveb of MDRl RNA 

MDRl expression was considered to be high if >50% of 
:he cancers in each group had detecuble levels of MDRl 
RNA. In a subsuntial proportion of the cancers. MDRl RNA 
evels were >30 U (table 1). Levels of MDRl RNA were high 



in several types of untreated cancers including colon cancer 
renal cell carcinoma, hepatoma, adrcnoconicai carcinoma! 
pheochromocyioma, islet cell tumor of the pancreas, chronic 
myelogenous leukemia (CML) in blast crisis, and carcinoid 
nimor, as well u in cell lines of non-small ceU lung can- 
cer with neuroendocrine properties (NSCLC-NE). Typical 
results fiDm colon and adrenocortical carcinomas art shown 
in figure 1. The range of signals in four carcinoid tumors is 
illustrated by the RNA analysis in figurr 2. 

We performed RNase protecdon experiments to determine 
whether MDRl RNA in these specimens that contained ele- 
vated RNA levels initiated only at the downstream promoter 
used by normal human tissues or also at an upstream pro- 
moter detected in some multidrug-resistant cell lines. RNA 
preparations from most colon carcinomas and adrenocor- 
tical cancers and some carcinoid tumors, leukemias, and 
pheochromocyiomas containing >30 U of MDRl RNA 
were used for these analyses (fig. 3). For these analyses, 
a 785-bp RNA, representing genomic sequences encom- 
passing the promoter region and >100 bp of the 5' region 
of the MDRl mRNA, was hybridized with the RNA sam- 
ples in solution and ±en digested with RNase, Two frag- 
ments were detected when RNA from KB-8.5 cells and RNA 
from KB-Cl cells were analyzed, corresponding to two ma- 
jor transcription-initiation sites. The two ft^gmcnu of 323 
and 130 bp, respectively, are indicated by arrows on figure 
3 and correspond to mRNA initiated at the upstream and 
the downstream promoters. In the specimens listed above 
from patients who had not previously received chemother- 
apy, only initiation from the downstream site was detected. 
The amounu of MDRl RNA detected by RNase protection 
were similar to those detected by the slot blot analyses, which 
validates the use of slot blots for detecting MDRl RNA 
levels. 
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rtfurt 1. Slot blot analyiU of 
MDRl expreuion ia untreated 
human cutcen. Lanes t-3: to- 
tal RNA umples from colon 
cancer spccimeni^ Lanes 4-6. 
RNA uniples from adrenocor- 
tical carcinomas. Serial dilu- 
tions of 10, 3. 1. and OJ 
of total RNA were applied to 
each well. Hybndizatioo of btot 
with 'Y-aciin probe demon- 
stnied comparable amounts of 
RNA loaded in all wells. ICB-3- 
1 s druf-Knsitive parental KJB 
cell line: Kfi-8-5 « multidnif- 
resisunt KB subline. 
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T«Wt I. Gcocrally higb MORI RNA kvcb bi unowcd oncm* 



Cancer type/cell line 



No. 
r>30 U) 



No. low paco>« 



R<fi 



Colon i 
RcuJ cdl carnDoma 
Hcpicoou 

AdrroocordcAl caflcer 
Pbeochromocytoou 
Ulet cell lumor of ptAcreas 
CML (bUfl crisii) 
Carcinoid tumor 
SSCLC*NE (ceU tines) 



41 

SO 
12 
9 

20 
4 
3 
9 
6 



25 
5 
5 
I 
4 
0 
0 
5 
3 



15 
80 

too 
n 

75 
50 
100 

n 

83 



t,y7 
t 

U7 

t 
t 
t 
t 



•MDRl RNA levels «m oKantred by RNA ikM bloc anaJyiis and are cipresMd reUovt lo (be level in Che dnig-rcsistaat KE-8-5 cell liae. which hu 
xcs asiiined a vaJue of 30 U foribe cxpiewio of 10 ng of total RNA. 
tThij woft- 

I Lai S-L. Goldstein U. Coocsman MM. ec aL detailed tnalyiis ia preparadoo. 



ZzDCtn With IntenncduU Levds of MDRl RNA 

Some untreated cancen were found to hive dctccubk lev- 
:ls of MDRl RNA <50% of ibc time. Included in this group 
jvere adult acute lymphocytic leukemia (ALL), adult ANLL, 
ion-Hodgkin*s lymphoma, and neuroblastoma (uble 2). 

Cancen With Low or UodetecUbte Leirds oT MDRl RNA 

A large variety of tintreated cjjicers were found to have 
generally low (OO U) or undctccuble levels of MDRl 
RNA. These cancers included hrcasi cancer, non-small cell 
lung cancer fNSCLQ, bladder cancer. CML in chronic 
phase, esophageal carcinoma, gastric carcinoma, head and 
neck cancer, melanoma, mcsotheliom*, ovarian carcinoma, 
prostate cancer, sarcoma, small cell lung cancer (SCLC), thy- 
moma, thyroid cancer, and Wilms* mmor (uble 3). For nine 
specimens of squamous ceU carcinoma of the lung (included 
m NSCLC), adjacent normal lung and tumor tissues from 
each patient were evaluated for expression, and no signifi- 
cant difference in MDRl RNA expression was found (dau 
not shown). 

Figure d LUustrates the distribution of MDRl RNA expres- 
sion in a few represcnuove untreated cancers. Because of 
the wide range of RNA expression detected, a log scale was 
used. In this graph it is evident that most of the specimens 



of adrenocortical cancer and colorectal cancer had relatively 
high levels of MDRl RNA, whereas most of the breast can- 
cer specimens and most of the Wilms* tumor specimens had 
undeteoable MDRl RNA levels, with only a few samples 
having low MDRl RNA levels. 

Levels of MDRl RNA h ReUpscd Cancen 

Cancers that were initially sensitive to chemotherapy but 
that relapsed after treatment were also examined Table 4 
listt those cancers in which we found high levels of MDRl 
RNA after treatment with chemotherapy. These cancers in- 
cluded oon-Hodgkin*s lymphoma, neuroblastoma, pheochro- 
mocytoma, breast cancer, CML in blast crisis, adult ALL, and 
adult ANLL. In most cases we were not able to obuin speci- 
mens from the same patient before and after treatment How* 
ever, we did obtain such specimens from one child with ALL 
(Rothenbcrg M, Mickley L, Cole D, et al.: manuscript submit- 
ted for publication), from one patient with pheochromocy- 
toma, and from two patients with non-Hodgldn*s lymphoma. 
One of the two patients with non-Hodgkin*s lymphoma had 
an MDRl RNA level of 8 prior to chemotherapy. This pa- 
tient was then treated with ProMACE-MOPP chemother- 
apy (cyclophosphamide, doxorubicin, etoposide, prednisone, 
mechlorethamine, vincristine, and procarbazine). At disease 
relapse, the MDRl RNA level increased to 24. This tumor 
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Fltvt 2. MDRl expression m 
carcinoid tumon. Slot bloi anal- 
ysis from four different un- 
treated carcinoid tumon. Se- 
rial dilutiofts of 10. 3. I. and 
OJ m of total RNA from 
each tumor applied to 

each wclL H>^dizatiofl of blot 
with Y-acttn probe demon- 
ttrated comparable amounts of 
RNA loaded in aU wcUs (dau 
not shown). KB-3-1 « dru|- 
sensitivc parental Kfi cell line. 
KB- 8- 5 - multidnig-resistant 
KB subline. 
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Flf« X RNam pQMectioQ uay of 
uacmied caaccn wiih dmud MORI 
RNA fe¥cb by tkM bloc aiulyBi Sua* 
pki 1-6 «re ite aiBc u id fif. t. 
la each uay 20 a«| of loul RNA 
wu oaed. Two baads «m identified 
wbca RNA froiD KB-t-5 ccU liac tad 
RNA fr om KB-Cl ceUliac wen used. 
ciwicHuodiag to two mtjar iaitiaiioo 
Btcs (deafiuted V uid -D* for op- 
srcaa tad dowwtream promoim. re- 
specQvdyX Only the baad ahsing from 
dowBSDvaffl taiuboo sec u present io 
theM euccn. KB- 3-1 > dnii-iensitiw 
pereatal KB ceU Uoe; KB-S*5 tad 
KB-Cl s multidnii-resisuat KB sub- 
Uaec S « mokculv w«iffas tundaid; 
R » riboprobc I » tRNA. 



Table 2. OccukxuDy hiffa. MDRl RNA kvcb ia UBtreatad caaecn 



Cincer type 


Total Na 
of caooen 


No. pOSDVC 


No. low pontiw 
a-29 U) 


% posdve 




\LL faduit) 
^NIX (adult) 
^on-Hodgkin'i lymphoma 
Neuroblastoma 


15 
24 
18 
34 


2 
3 
1 
1 


0 
0 
3 
16 


13 
13 
22 
50 


• 
• 
• 
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Table X 


Low MDRl RNA Icvds ta uatreated caacen 






Cancer type/cell line 


Total No. 
of caacen 


No. posdwc 
(>30U) 


No. low pOQOVt 

(2-29 U) 


% pOBtlVt 


Reference 


Brcasi cancer 
VSCLC 

Tiisue 

Cell lines 
Madder cancer 
~ML (chraoic phaic) 
isophafcal carctooma 
jasiric carcinoma 
Head and neck cancer 
^lelanoma 

^Mesothelioma (cell lines) 
Dvinan carcinoma ^ 
'rosute cancer 
•arcoma 

•CLC (cell lines) 
r>»ymoma 
"hyroid cancer 
Vilms' tumor 


57 

19 
30 

6 

3 

14 
2 
14 

3 
20 
16 

3 
U 
211 

1 

4 

20 


oo e o o o ooo o o oo oo o o 


9 

7 
5 
1 

0 
0 
0 
0 
0 

1 

0 
0 
0 
0 
0 
0 
0 


15 

36 
16 
16 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
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• 
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was a nodular, pooriy differcotiated lymphoma. The other 
lymphoma specimen studied was also of an indolent his- 
tology. 

Discussion 

Common Expresaioo of MDRl Gene In Cancen 

In this study using RNA slot blot analysis, we have mea* 
sured the expression of the MDRl gene in >400 human 
cancers. Our resulu show that slot blot analysis is a sensi* 
live method for quantitation of the MDRl gene expression in 
human tumors and that many human tumors express MDRl 
RNA. We have identified a group of untreated cancers that 
usually have elevated levels of MDRl RNA. This group in- 
cludes colon cancer, adrenocortical cancer, pheochromocy* 
toma, hepatoma, pancreatic carcinoma, and renal cell car- 
cinoma. All of these cancers are derived from tissues that 
normally have relatively high levels of MDRl RNA. These 
findings confinD that the MDRl gene can continue to be 
expressed when a normal cell undergoes malignant trans- 
formation. All of these cancers arc known to be clinically 
resistant to chemotherapy, and thus the MDRl gene may be 
implicated in their intrinsic drag resistance. 

Variability b MDRl FhiiiMm 

Within the group of caoccn whh high MDRl RNA levels; 
we observed considerable variation from cancer to cancer 
(fig. 4). For example, the higbest MDRl RNA level in colon 
cancer was 60 and. the lowest was 0; the higbest adrenal 
cancer MDRl RNA level wu 90 and the lowest wu 0. This 
variation was not a technical anifaa due to the quality of 
RNA because ail RNA samples were checked for inuctness 
of the RNA by gels and for quantity by analysis of actin 
RNA levels. However, a number of other faaors need further 
examination. One is the number of cancer cells and stromal 
cells in each specimen. Stromal cells such u fibroblasts and 



inflammatory cells tend to have very low MDRl RNA levels. 
A second factor is the sute of differendation of the cancer. 
We have observed in kidney cancers (/9) and colon cancers 
(Fojo A: unpublished data) that MDRl RNA leveb tend to 
be lower in less differendated cancers. A third factor is the 
cell type from which die cancer emerges. For example, in the 
kidney, most cancers showed histological evidence of being 
derived from proximal tubules (ii), and the MDRl gene was 
preferentially expressed in proximal tubules. In the pancreas, 
the MDRl gene was preferentially expressed in collecting 
ductules. Although we have examined only four pancreatic 
cancers, the variable expression in this cancer could reflect 
the origin of the tumor. 

Within the various types of lung rumors that have been 
examined, only one group, NSCLC-NE, tended to have high 
MDRl RNA levell A detailed analysis of this group will be 
published elsewhere (Lai S-L, Goldstein U, Gonesman MM, 
et aL manuscript in preparadon). The group of unu^ied 
cancers that occasionally had high MDRl RNA levels in- 
cluded Am ANLU iK>n-Hodgkin's lymphoma, and neuro* 
blastoma. These cancers are usually sensitive to chemother- 
apy. It wiU be important to gather more dau to determine 
if the occasioiudly elevated levels of MDRl RNA are asso- 
ciated with the occasional treatment failures seen in these 
cancers. 

Low or undetecuble levels of MDRl RNA were seen in 
many cancers, including some that are drug sensitive and 
several others that are generally considered to be resistant 
or poorly responsive to chemotherapy (e.g.« lung cancers). 
Other mechanisms of drug resistance probably operate in 
these cancers, or heterogeneity of MDRl RNA expression 
could account for resistant subpopulations in these cancers. 
In the case of breast cancer and NSCLC, some expression of 
MDRl RNA was seen in l3%-36% of the tumors examined, 
which is consistent with the laner possibility. For breast can- 
cer, in particular, in which most of the cells may be suomal. 
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a low level of MDRl RNA cxpressioo could be spuficuL 
To investigate the existence of heterogeneous exprtssioa, tm- 
tnunohistochemical or in situ hybhdizmtion studies of tumor 
specimens may allow one to distingxiish the differential ex- 
pression of various ceil subpopulatiotu. 

Acquired Drug Resistance 

Several lines of evidence now exist that izxiicate expres- 
sion of the MDRl gene may be partly responsible for ac- 
quired clinical drug resistance. In additioo to the dau re- 
ported here showing increased MDRl RNA levels in ALL* 
ANLU lymphoma, breast cancer, pheochromocytoma, CML 
in blast crisis, and neuroblastoma, andbodies have been 
used tc demonstrate signifScaat kveia of P-flycoprocein in 
some patients with treated ttwias cardooma* sarcoma, and 
leukemia (20-221 Cleaifj Q iiaf analyn of pretreatmeat 
and postxreatmettt MDft t HWClMb and/or P-g^ycoproceiB 
levels in the same patieaf jTaeedad to prove the associa- 
tion of increased MDRl RNA kvda wiib a cq uir ed drug re- 
sisunce. In tumon with acquired drag fesistance, the mea- 
surement of elevated MDRl RNA levels may help direct 
further chemotherapy by suggesting that agenu affected by 
the muliidrug-resistance pheix)type (Le^ Vinca alkaloidi, an- 
thracyciines. and epipodophyllotoxins) ikx be used and t>^^ 
altemadve treatments be considered. 

In addition to observing elevated MDRl RNA levels in 
cancers that were intrinsically resisunt or that had acquired 
resisunce after treatment, we observed increased MDRl 
RNA levels in three pauents with CML who had undergone 



blast crisis. This result raises the possibility that some step 
diat leads to cancer progressioa, perhaps oncogene activa- 
Qoo, could also lead to expression of the MDRl gene. It has 
been previously reported that MDRl RNA levels are ele- 
vated in chemically induced tumors of the liver (34X a result 
consistent with simultaneous activadoo of an oncogene and 
MDRl RNA expressioQ. 

Qtaractcriatioo of MDRl RNA la Caoccrs 

RNase protectioa assays of many cancers that had posidve 
expression confirmed the cxpressioo data of slot blot analysis. 
Tliis protection assay is more specific than the slot blot assay, 
since the protectioo assay does ooc detea RNA ttanscribed 
from the closely related MDR2 geoe, which has ooc been as- 
sociated with multidrug resistance U2JS\ The RNase pro- 
tectioQ assay has also allowed us to determine that transcrip* 
tioo of die MDRl gcae ia cancers ci the coIoq aad adrenal 
glaad aad cardDoid ttta>ori oocun from the downstream pro- 
*mocer, u does transcripdoo in ikormal adsaeaal glands and 
colon tissues {23\ Because some drug-resistant tissue cul- 
ture cefl lines also use an upstream promoter, we have con- 
tinued analyzing cancers co determine which promoters are 
used We have found that in the spedmeos from two of the 
four children with ALL with elevated MDRl RNA levels re- 
ported here, transcrtpcioo initiated at both the upstream and 
downstream promoters; in contrast, in the specimens from 
the other two children, only the upstream promoter was used 
(Rothcnberg M« Fojc A: unpublished dau). The use of two 
promoter sites has also been seen in both treated and un- 
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Our results have shown dut caoccn whxdi are clinically 
Irug resistant genenOy have elevated MDRl RNA levels. 
Several lines of evidence sug^ that mulddrug resistance 
n cancers with elevated MDRl expressioo u due, at least 
n pan, to this expression: (a) when full-length cDNAs for 
he human or mouse MDRl gene are transfected (36,37) or 
nfected into human cells (i&i9X these cells become mul- 
idrug resistant; (b) unsdected cell lines from tumors, such 
IS renal adenocarcinoma with elevated MDRl RNA levels, 
nave a multidnig-resistant pbeootype, and their resistance is 
reversible by use of verapamil and quinidine (40\ wfaid) are 
inhibiton of the mulddrug transporter (14); and (c) there is 
some correlation between MDRl RNA levels m renal ade- 
nocarcinomas and resistance of tumor explants to vinblastiDe 
(79). Based on these results, controlled clinical ffials in pa- 
denu with colorectal and rtaal cancen are under way with 
the use of quinidiae as a reveninf afent in conjunction with 
cytotoxic therapy including doxorubicin, etoposide, and vin- 
blastine. Another directioo of funber invesdgadoo win be to 
develop other less toxic reversing agents. 

Condtisions 

We have measured levels of MDRl mRNA in many hu* 
man cancerv We have found elevated txprtssioa of the 
MDRl gene in certain untreated cancers and in some treated 
cancers. Although the absence of MDRl RNA expressioo in 
some drug-resistant cancers suggests that other mechanisms 
of multidrug resistance exist, the widespread occurrence of 
MDRl RNA expression in dnig-resistant cancen suggestt 
that the MDRl gene plays an important ciinica] role in many 
cancers. We esdmatc --450,000 new cases of cancers ex- 
pressing the MDRl gene per year on the basis of our ex- 
pression dau and the incidence of these cancen. Prospective 
trials correlating measurementt of MDRl RNA expression 
with clinical respooae to dmpy win detcrmiiw if MDRl 
levels are predicdve ot r n y a f . If tbcy arc, MDRl RNA 
measurements may be ^ design or the alteratsoo 

of chemotbcrapcuac rtfjUfi^Mt^vidoal padenta. 
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Phase I Trial of Trimetrexate Glucuronate on a 
Five-Day Bolus Schedule: Clinical Pharmacology 
and Pharmacodynamics 

Louise B. Grochow,^ Dennis A Noe, Gregory B. Dole, Eric K 
Rowinsky, David S. Ettinger, Michael L Graham, WilUam R 
McGuire. Ross C Donehower 



TrimctrauU glucxirtKute (TMTJQt a oooctotriral folstc aa- 
u^onisU has been evaluated dinkaDj on Jrrtral adftedoka. 
Wc haTc stodkd TMTX admi&istmd as an h bohis for 
S consecutive tlays every 3 weeks in 35 patients vritii ad« 
vanced soUd tumors. Drug was given at doses rmngin( from 
7.6 to 18.S mf/m^. The maximal toierated doae was 13.1 
mg/m^ per day X 5 for patients witboot prior myeksank 
treatment and 7.6 mg/m^ per day X 5 for prevkNisiy treated 
patients. Because of wide Individnal dtfferences in drug tol- 
erancc, dose escalation in 25% I n ereuaents Is rrmmmmded 
for patients not ezperieodng toxic effects. The doae-ttmitiBg 
toxicity was oetitropcnia. Raifa and mocodtis were abo slg- 
nificant TMTX cooceotratloBS were ncasured 1 and 24 
hours after each done, aad the data were fit hy oae of a 
ooeKompartroent phannaedkiMtk MdcL WM this simpB* 
Tied sampling and podeaa|jctin, the mean total hody 
clearance (±SD)of trliiiiri jyh »M31±2t»L/minperni* 
and the vohimc of AscrOWBfTvM U ± 7 L/a^. Mcaa 
plasma concentratlotts 1 hoar ahar a doae were 1.12, 2*43, 
3.33, and 3.25 momI/L at 7.6, 9.1, IM, and 13.1 mg/m^, re- 
spectively. The mean TMTX coocentratioa (± SD) 24 horn 
after a dose was 114 ± S7 nmol/L. The mean area under the 
concentratioo-versus'time curve at 13.1 mg/m' was l^Ut 
pmol*min/L The drug concientratioo 1 hoar after the fint 
dose and the area under the cooccntratioo«versas-time curve 
were highly correbted with leukopenia and thrombocytope- 
nia (r ~ .6 and .65 and F = .0007 and .0001, respectively). 
The maximal tolerated dose on the daily X 5 schedule was 



30% of the doae tolerated on an W botus schedule. The choice 
of drug schedale for dinical trials when murine and human 
pharmacokinecics dtfTcr b dbmned Phase II trials arc un- 
der way with both the h bohos and the daily X 5 schedules. 
[J Nad Cancer Inst 19S9*31:124-130] 



Tmnetrexate glucuronate (TMTX; (6-(3,4^-trimcthoxy- 
pheoyl)amino methyl>S*methyl*2,4*quinazoline diamine] is 
a iMvci, noociassica] folate anugonist with a broader spec* 
mun of cytotoxicity in preclinical models than mcthocrex- 
ate (/). TMTX was also chosen for further clinical stud- 
ies because it differs from methotrexate in several other 
pharmacologic properdes. TMTX does not enter cells via 
the reduced folate transport system and is effective in tu- 
mor lines exhibiting resistance to methotrexate because 
of decreased tran sm embrane transport (ZJ>- A different. 
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Establishment of Cross-Resistance Profiles for New Agents^ 

F. M. Schabel, Jr,« t H, E, Skipper. M. W. Trader, W, R. Laster, Jr. D. P. Griswold, Jr. and T. H. 
Corbett^ 



Subline* of murine leukemiaa (L1210 and and toUd tumon MlecUd tor resistance to 

repreeenutivea of all of the chemical and functional claasce of clinically uaeful anticancer 
dnigi have been iaolatad and ceub^iabed in aerial in vivo paaaag • and, in aome ca i ee , in 
vitro culture. EzUnaive rwiauncc. croea r eeiitance. and collateral*aenaitivit7 pattenu have 
been eeubliahed with moat of the tublinea of the druf-reiiitant murine leukemiaa under 
treetment with > 100 different eaUbliahed and clinically uaeful anticancer drugs or new 
candidate anticancer druge currently under etudy. PaticnU aelected for induaion in phaae 
I*II triala usuaDy have tumora that have failed to reepond to treatment with evtabliahed 
clinically uaeful druga, either from the atart of treatment or during continuing treatment 
After initial uaeful reaponae. Theae treatment failurea are no doubt due, in many caaea. to 
drug-reaiatant tumora if initially unreaponaive or to the overgrowth of drug-reaiatant mu* 
tant tumor atem cella in initiaUy responding patienU who ultinutely failed under continuing 
treatment. Therefore, the croe# resistance profilea of drug-reaistant murine tumors to treat- 
ment with new drup going Into phaae I-II triala should provide useful guidca for petlent s^ 
lection for thoae triala. Also, thee* croea resistince profilea wiU provide uaeful information 
indicating likely biochemical mechaniaa of action of new drugs with promising anticancer 
activity, thua guiding drug aelection for combination chemotherapy triala in animala or 

y Numeroua examplea of all of the above indicationa for uaeful application of such infor- 
mation derived from chemotherapy trials with drug-reaiatant murine tumon are r^ 
ported. (Cancer Treat Rep 67:90fi-W2, 19831 



It is comzDonly observed with drug trestmeot of both 
leukeznita and solid tumon of man and snimals that 
initially dmg-senaitivc and responsive tumon become 
progressively less responsive and ultimately fail to re- 
spond during continuing treatment (1 JS). 

Spontaneous mutation to drug reaistancs is oommoo* 
ly observed among sdvsnced-sUp and grossly evident 
dnig*tcnsitivc murine tumon thst sra used as ezpcri- 
mental models for chemothenpy triala and that wen 
•elected to repreaant the major histologic and organ 
types of human tamers (2). Iha nts of spontaneous 
mutation of muri i^Aig^ * ^ renstaaca to single aati- 
cancer drags. vmriaiOftvilady. beiag highest to mitotic 
inhibiton like y^S^f/^ffCB) (1^ Was frequent to 
sntimeUboUta dro^lwcytaraUne (an-Q (1-3), and 
lowest to highly aatm dnga Ska the alkylating sganta, 
eg, cyclophosphamide (CPA) Spontaneous muta- 



tion to resistance to all chemical and functional dassei 
of anticancer druga, including the alkylating agents 
(4^). has been observed in mice with totsl-body bur^ 
dens of tumor stem cella that an at or below the small- 
est body burden of all organ or histologic types of can- 
cer in man at a time when the tumor ta Hrst clinically 
detacubla (about 10* tumor cells in a aingia focus). 
Even pstienU without clinically evident tumor at the 
start of drug treatment, eg. thoee receiving drug treat- 
ment shortly afUr surgical removal or ndiation kill of 
evident and accessible primary and/or metaautic 
lesions, would have had a total-body burden of tumor 
(tsm calls prior to surgery and/or ndiation large 
enough to esublish s high probability of the preeenca 
of reaidual tumor stem cells which could be resistant to 
any drug and thenfon could be a potential obsUda to 
cuntive chemothenpy. 



^uppertvd by coatract NOl-CM-tTSOS fM Um Divwim •( Cam 
Tr«jtatnl. NattofuJ Cuccr iMtiiwu. National loatituua Haahk 
Dtpanavnt of Haaltta tad Hsmaa S*rrim. 
*Sou(h«rn RaiMrck laatituu. Bimtaf haa. AU 
*Rtpnmt rr^ufnti to: Df. O P, CnavaU. Jr. Chamolh^npr 



MRk. SMtWn KwarH Uautiiu. PO Boa ftUOa. BimiAff^aA. At 

tDr. Sckabtt M oe AvfMi 30. 19S3. «hUa at inrim f • Mtiaf 
VMnoa. Auatna 



Cancer Trsatmeni fleoofif Vol 67. No. lO.Ociooei 1963 



905 





Since druf-rwsUnt tumor stem cells are an indicated 
obeli de to curative drug treatment of clinically recog* 
oized systemic cancer in man and an objectively esub- 
lished obstacle to curative drug treatment of advanced 
and grossly evident cancer in experimental animab. it 
is important to develop methods for control of drug* 
resistant tumor cells. 

We and other investigators are studying the drug* 
resistant problem in experimental cancer chemother* 

■py.' 

When a new anticancer drug ia selected for 
trial on the batia of observed anticancer activity 
against one or more tranaplantable animal tumon or 
human tumor zenografta growing in animals, the pa* 
tient selection for phaae I-U testing ia often from pre- 
viously treated patients who did not respond to treat- 
ment or who ultimately relapsed under initially effec- 
tive and useful drug treatment If the treatment failure 
wu due to overgrowth of tumor cells resistant to the 
drugs used in initial treatment, new druga without ac- 
tivity againat tumor cells resistant to the inactive or 
failing treatment could be prospectively predicted to 
fail also. Therefore, the sensitivity to the new agent of 
animal tumor cells eelected for resistance to clinically 
useful drugs that initially or ultimately failed to con* 
trol each individual patient's tumor should be a prime 
determinant in patient selection for phaae I-II triala. If 
experimental tumors selected for resistance to the 
drugs to which the patient's tumor failed to respond 
were croes-resistant to the new drug entering phaae 
I-n trials, that patient probably would fail under treat* 
ment with the new drug in clinical triala, and if a auffi- 
cient number of such patienta were included in the 
trials, an otherwise promisingly useful anticancer drug 
could be overlooked and abandoned. 

Studies with animal tumor ceUs with knows drug re- 
sistance have provided in the past, and can provide in 
the future, useful information on all of the baaic phe- 
nomena relating to drug resistance, biochemical mech- 
anism of action of new drugs, etc. Included in the 
knowledge to be gained from such studies is an under- 
standing of the mechanism(s) by which originally drug- 
sensitive tumor stem cells become resistant to drug 
treatment eft enqroie deletion, membrane transport 
and inrm sTIyjp, rstaatioo of drugs, gene amplification 
resulting ia jj^inwaed forma ttoa of the target enxymea, 
companeotL^fy^fi i fai moietica of alkylating agents, 
increased Dm ripak m druf*resistant tumor stem 
cells, and iiir.issaad levda of degradative enzymes, all 
of which may bear directly and individually or collec- 
tively on anticancer activity of the new drug in animala 
and/or man. 

*Uirrrrmt t«rhntqiMr« and |ms-T<ltim an* uMtt h\ ilifft^n-ni invtnMiM* 
lory to i-ollfct aiw) intrrvrri data fmm drus-r«<*>«»4.tn*-r •lutlii^. Smh<v w» 
■ rv only mponsihW for our (wn dai«. urm kmMinicly, unri viih 
a^loiTMH to mh«T iiivnti|f:iior!i. Iimiiinie ihiR r*>tii«-t. *ith (t^- nrrp- 
ttun«. intldla that tuvf brwi ivlWlril dt SmlKiin K*-«i-;*n-h Inyiitwtr 
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0ru9-n«alttant Murina Laukamlaa and Solid 
Tumon laotatad at Southam Aasaarcti Inatltuta 
and Availabia for Study 

Drug-resisUnt sublines of leukemias L1210 and P388 
are shown in Uble 1, and sublines of murine solid 
tumors that we have isolated under treatment with 
represenutives of all of the currently recognized chem- 
ical and functional dasaes of clinically useful antican- 
cer druga are shown in table 2, Logi© changes in the 
body burden of the parent drug-sensitive (Ll2iO/0 and 
P388/0) and the drug-resistant sublines of L1210 and 
P388 are ahown in table 3. In tablea 4 and 5, we have 
tabulated the results of extensive, but still far from 
complete, chemotherapy triala in which we treated the 
drug-resistant tumor sublines in the same experiment, 
in direct '^ead-to-head" comparison with the parent 
drug-senaitive tumor, using multiple doses of each drug 
under study, so that optimal therapeutic response of 
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toga BO M ta«ka«M (AMU (RFMI 
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S3<0*I>RibofunnoaylthiasoW^<arboiaaud«. 

llaelatad by R. K. Jehnaoa. 
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ABLE 2 — Dnif rnijuat wb Jiiw •/ awtM aoUd toAon woUud ci 
owthcns Rcaurcfa Ifuutuu dunac "Vnf tmtaMttt with dniffS 
n«t iniuilly auwd ngiMiuii of fmaiy widcot Udvmand) t«mcfi 
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DIO doses, bas«d on chjinge in the body burden of 
stem ceils of both the drug-resiituit and the ptrent 
g*sensitive tumor lines, could be nude. The techni- 
procediires and the methods of estifflsting changes 
ht body burden of tumor stem cells have bees de> 
bed (7) and previously reported (2^8). Simply sUted, 
number of tumor stem cells present at the start 
at the end of drug treatment are estimated from a 



plot of the mortality and median lifespan of untreated ' 
control mice impUnted with log,o dilutions of tumor oella 
from 10' down to one cell, with both the parent drug-sen- * 
aitive and the indicated dnig-resistant sublines in eadi 
experiment From such ploU, one can estimau the num- 
ber of tumor stem cells present at the start of and at the 
end of drug treatment, irrespective of size of the tumor 
implant, the duration of treatment, or other characteris- 
tics of the treatment schedule used. In our opinion, this is 
the most objective and quantiutively precise and repro- 
dudble method of estimsting therapeutic effectiveness of 
drug trestment* ie, the change in the body burden of 
tumor stem cells ob^rved under drug treatment at up to 
dose-limiting toxicity. Increase in lifespan (ILS), as it is 
conamonly used as an endpoiat for estimating therapeutic 
activity of drug treatment, commonly diaregards the 
duration of treatment and does not provide objective esti- 
mates of the body burden of tumor stem oella at the end 
of drug treatment If reduction of the body hoxdux of 
tumor stem cells to beiow the number capable of r«^b- 
liahing the ultimately fatal diaease is the goal of cancer 
diemotherapy, ss we believe it is, then such estimates of 
the change in body burden of tumor stem cells by drug 
trestment fm the absence of cure) are essential for objec- 
tive evahiatioo of the therapeutic activity of any drug, 
drug combination, or treatment protocol 



TABL£3.-t4>g,«^at,* in body burd«n of toaor tUtt ctlk aftor opttnul « LDlO> dr^ trmtmmt 
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sisijnct. Crosi-R««JiUnc«, «m Collaunl 
nsltivily of S«l«et«d On,9.R„|,„„, ^1210 and 
38 Leuk.mias to Clinically Usalui Antlcancar 
;gs and to New Drugs Undar Oa»alopmanl 

he dau shown in Ublw 4 and 5 we« usuaUy ob- 
ed by treatment with the optinuJ d<« (from i 

^^esponse study) and the optimaj treatment sched- 
for the parent drug-sensitive tumor in each case 
compounds listed in tables 4 and 5 are repr^enu-' 

. of iJie cluiically useful dr^g, in each of the chem- 

Jnd funcuonal classes of anticancer drug,, as well 
number of other compounds that are now or have 
under investigation aa potentially useful new 

3. 

nerally consistent obeervationa among the drutf-re- 
-.t lines of L1210 and P388 treated with diniolly 
J anticancer drugs or drugs in development aa 
n in ubles 4 and S are aa follows. 
Except for croas-resistaace to other drugs with 
>r chemical strMcture and/or biologic function. 
:ion of tumor cells to resistaoee to one drug uaual^ 
» not rMult in resisUoee to other dnip. particu- 
those of other functional claaaes. For eaanplc 
• cells selected for resiaUna to antimeuboUt^ 

usually reuin full sensitivity to alkylating 
.. to drugs that bind to or intercalate wiU> DNA. 

mitotic inhibitors such aa VCR. 
umor cells resisUnt to an anticancer drug are 
' "'?tL**""'" structural congeners of that 
eg. 6-TG versus L1210/6.MP and congeners of 
^ersus L 210/CPA. However, exception to thb 
. principle are common, (e) L1210/CPA is crosa- 
nt to a number of analogs of CPA but reuina 
nsitivity in vivo to PM and 1PM. The Uck of 
:stttance of L1210/CPA to PM and IPM may be 

',"n/rof^,i*^^'"'*^°" '^^^^y^* dehydrogenaaa 
10/CPA 9.10). possibly due to gene ImSW 
heoretically. adequaU levels of PM and IPM 
ae formed by normal meubolism of CPA or IPA 
;7l?:': CPA would not be evidaat 

of CPA or IFA (at doaea up to dcaa-limiting toi. 
control CPA-resisunt turner ealb k not dawi* 
HHl but may be due to «r«nat pharal^ 
:.rcumsunc«, (rate of prt>^£|« of PM |«o 
1PM from IFA). rata of cdlfiir>aptah« and/or 
-ion. or other unrecogniiod varied Thaaa 
•-les are supported by the fact that CPA ia 
' cytotoxic in vivo for H21(VCPA at single 
about 5 umes the DDlO.^ {b) H210/DDPt ia 
sunt to most analogs of DDPt but remaina 
sitive to the carboxyphUuUto analog (NSG 

•kt^a^l. from Southern K««n h l<u. ,,„„ 
"n-ili.-, nil fni IB Ihi- 



2 dCF. a potent deamiaaae inhibitor but ^ 
sistaat to 2.nunm..» A «re crosa-re- 

treat^'ent IS^^'iLj" SluZ'J^' ''^ 
.g^t PMa/ara-A (Ubl. 5). ^eiTcS^t 
expected ainoe it is known that 2.nu««v. *^ ^ 
phoryUted by CdR kZ.^'iS'S^ t^*^ 
Wor^ thes. fail„«. to prJSt "Li^LSS; 
baaed on aimilar chemical atruetam h»*Z^ 

2.fluorx.ap.-A ax, weSLSS tn rv*";^ "1 
bMis (3,8,11). "»™aeraioo« on a biochemical 

Collataral Senaltlvlty 
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•nd 5. Tht^ example, are liaS in^S " * 
of di««aaion. TTie f«t mrtScS ^"T^ 

with. MTX (13). A aunilar CS of human leukemia^TS. 

^cK^^t^*^* «/f«ivenr:rjA^ 

•uch CS of e-MP-resiatant ALL cellaT^ iT.!!? 

never b^n objectively investigated and^blS 
How«,er. CS may be an aaaet worth investigating aS 
.tumpting to exploit in relation to the «nSuf a^ 

CS tol^ir ;• "T^' remarkable examples of 
SbUl "tmieuboUu drug, have been otoervi 

Tie quantiUtively greatest CS shown in uble 6 i, 
thst of Ll21(Var.^ to Ssieasauridine (about 8 ord.« 
imcSST cdl kill of Ll2lS«VtlinTf 

U21(V0 at equitoxie doMs; ie. at < LDlO doses) 3 
D«u«r«i« haa been tried, without therapX ^ 
.pona^ a. patientt with AML who had had Txt^wi^ 

t^J^H IT^"^ m^resiat^it aSX 
W. hav. tn«l ara-C plus SHleazauridine agunat St 
burden, of Ll21(V0 cella Urge enough to 

Z^^r "-^'tr^ of Ll210/ar.-C^o 

therapeutic gau, over that from ara^ alone wa. seen 
Th« cha«a| and Uboratory faUurea to demonst^l 
therapeutic improvement associated with CS of ar«!& 
S'f r ^ iresUr-SnidS^; 
«^ ^« ' Weaxauridine and 

mjC are u«d together (see ref 3 for a discussion of 
these dxnical and Uboratory atudiea) 01 
U210/6.MP show, CS to MTX and to v,me. but not 

tlZ^^T"""^ 'ynthesued in dJig 

development programs seeking new .„d .mpro^ 



911 



II 

li 

2 

1 

i 



I 

I 
i 



] 

1 



912 



i 



11 



I 



' ♦ ♦ ♦ 



2 r ? 



nil I II 11 illiililijiiji I 




n I 



i»dillt: 



1 



5 3 3 « & 



lii !;!Uh!!tilli ! 



Canctr Treaiment Peooi 



; « ^ « ^ 



- fi • n « « O « « s - rt « - WW «' 



a a a o < o < < a a u o a < ea o a < u < a < a < £ £ s c a < s x » x su 



0 id « « < 
^ ▼ » 1 

01 f — • 
n « — 



« M 1 



-82'- z* • 'sa rS 





oa H O « 



S 



1 



S 



it. 




67. No 10. October 1983 



*Kcnt 



10^ Seta C<U I^lttt 



CM C«n< ot tiX of Opciaal Th«r«»T 



10* St- Call i,pi 



Me 



-4 



Ar»-C (P«Islc«t«} 
Hydro ryur«« 

CuAOAtOlO 

P-2-TSC 

2-r-Ar*-A 

Tlaxofurla 
L*Al«iioa la« 

>-&«A2<urldlaa 
Dth7oro-3- osacy tl4in« 
3- TO 
PALA 

fyrasofarla 
AclTlda 

HoaohArrlafCoalaa 
KTX 

Olcfaloro-HTI 

>Do«x»-KrZ 

5- D«« s*-«ai aof t« r la , 
Dltthyl Uc«r 

10-D«at«-aisopc«rlo 

5-MBth7lt«tr«bydroho«»- 

folic Acid 
QulnjsellfM Aatlfel 
B«ktr*« Aacifel 
Trl«<lo« Aoctfol 
ODHT 

C?A 







♦I 


33043 




-4* 


1893 




.4» 


729 


-3 


-1 


A04241 4. 216321 


-4** 


-1»* 


118211 


.3" 


♦4«* 


328002 






286193 






U3333 






1268A9 




-* 1 


264»«0 


1 


1 


19893 


♦I 


♦1 


224131 


♦4 . 


** 



-6 



-5 



-1" 



-4 




♦2 



143093 
163301 

141633 

740 
29630 
3442a0 
346890 

311469 
328M4 

139490 

327182 
139103 
127753 
19494 

26271 



2D 



GE 



1 « 


-4 


J 


1 .1 




1 


I -I.. 




,1 


1 .1" 




1 




1 




1 


1 




1 



♦3 
♦1 



♦3 
+3 



♦1 

♦3 
♦3 



-6 



-4 



•10* ail t^>i«c. ■■ 

•••CMupUo of eollocorU ••aalclvlty an ohM U tte oacXaattd W«zu. 

•U810 cK«,o . llac 10,10 cW««« U t<i»r ot*. coll ^uUtl.. ac tho oU of l> u a>^«,«d (a cIni acavt .f 

r^o!i:u ;a:^i:: rt^rrLTLiL^jr.; ^-"^ • • 




trX-like dnigt. Data ia t^EM^dlaU that CS of 
.1210/&MP scparataa 111 lailfct^ttliii^Lu two ob> 
iou3ly different groopa, baa^^ tet^'actiTity affiinat 
I210y0 and CS of Ll21(y6-MF Pariiapa thk cuuMti 
nat new dnigi which bind tifhtly to dihydrofolaU 
ucuse (OHFR) or "Inhibit thymidyktt synthetaaa 
lould be tested against L1210/0 and L1210/6-MP for 
^mparative MTX-lika activity and alao againat one or 
•ore of a spectrum of aoltd tumora. ef. colon adeno- 
ircinomaa 10, 12. 36, and/or 38 aa well as ovarian 



M5076, all of which art markedly rwponaiva to tha 
n«w thaxine andfol NSC-12r755 (14) and mora acnai- 
tiva to BaWs antifol <NSC.139106K DDMP (NSC- 
19494i and/or VMeTHHF (NSC139490) thsA to MTX.« 

The broad-baaed CS of P388/ara-C to a number of in- 
hibiton of de novo poriDa or pyhmidina syntheaia ia 
alao ahown in ubW 6. Theae drup mifht bt conaidcrod 
for uae in treatinf patients bearing tumon that initial-- 

•Ui»p«blbhf^ dju from Soyihon Rmrch Inttityu. 
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caoM tlM body burden of stem oeOa of P388/0, fcocnl- 
ly ooondcrod to b« highly aensitiTi to inost cfinkaDy 
onfol aabcueer dniga, iam«Mo loArkjedly oiuUr 
trMtzBcni up to Arm iiinitint toxicity vith aH of theo 
drafi except eoTida. Cle«rty, their mukad cytotoxic 
actinty afaintt tn-C-reaiituit tunuar stem oeOe ihould 
then prime nniliflitei for in dnig con* 

binetioDt bemg ooosidcred for dinicil trul if m-C ii 
tnchided ia the drug oomfaiiutioa end lerfi body 
burdene of tumor eten cells (likely to cootein en -C- re- 
sis teat ceile) are present et start of trestznent 

2. Since very eenaitive, but consistent end reproduc- 
ible, tumor systems are needed for detection of csndi* 
data antitumor druga, particularly in screening for new 
drugs, serious considermtion should be gives to substi* 
toting P388/ara-C for P38a;0 as the primary screen, or 
as ooe of the primary acreena, if several are used. If 
net reduction of the body burden of tumor stem cells ts 
the requirement for antitumor activity (as it should be), 
the P388/ara-C would easily detect L-alanosine. 3- 
deazauridiae, PALA, pyrazofurin, and perhapa numer- 
ous other drugs that ars now either discarded by the 
acreen or considered to be of marginal interest becsuse 
of r^tive ineensxtivity of the tumors, including P388. 
currently being used to smen for new agwts. 

Plelotropic Phenotyplc Dn»g Resistance 

VariaUe cross- resistaaoe patterns sre seen among tu- 
mor oella selected for resistancs to large polycycUc anti- 
csnoer drugs that have markedly different biologic inhib* 
itory activitiea and chemical stnicturea, among them 
some drugs that bind to or intercalate with DNA, some 
inhibitors of mitosis, snd others that inhibit protein syn* 
thesis. The concept that reeistance to multiple drugs may 

Caocet Tfestment Peoofts 



ly r^pocded to ara-C but are failing during continuing 
treatment, presumsbly due to overgrowth of ars-C-rs- 
sistant cells, or for use in oombinstion with ara^ to at' 
tempt to control the ars-C-resistant tumor ceDa aa they 
appear. 

Data in table 6 indkate that the body burden of 
LX2lCyO stem cells inoeases by sbout 2 orders of naf- 
nitude under treatment up to doee-limiting toxidty 
with PALA. but the body burden of P388/srvC stem 
cells is reduced by sbout 3 orders of msgnitoda under 
the same treetment with PALA. DaU in Uble 7 ahow 
the consistent reproducibility of the CS of P38a/ara-C 
to PALA. It should be pointed out and always remem- 
bered that such consistent and reprodudhle biologic 
sponses csn be aooompUahed only by diligent control of 
all variables (tumor, host mice, drug preparation, and 
moat importantly, proper data evaluation). We have 
tested ars-C pli» PALA against body Imdens of 
P38a/0 stem cclb in czcees (sbout IG^ P388/0 stem 
oeUs) of the curstive potsntial (because of overgrowth 
of P38a/aFft-C) of ars-C when need alone. Marked thera- 
peutic syoergiaa, peobabty dns to control of P388fan- 
C that m (MjrfALK repeetedly obeerved (3V. 
thus I imlfei-rt' ▼•Uty of the thesis that CS to 
other drufs jjCljifceripentirsny exploited, at lea^ ia 
murine tao^lqniMBaii if drag treataaent failure may 
be due to omgiwth of diug lesiilsiit tumor oella that 
are CS to the aecood drug. 

There ars two other important points based on the 
dsu in UbW 6 that deaerve serious oonsiderstion: 

1. Usually drugs that are inactive (do not reduce the 
body burden of tumor atcm ceils when uaed alone) ars 
not cooaidered for inclusion in drug trestment proto- 
cols. PALA, pyraxofurin, L-alsnoeine, snd p^hapa 
advicin might not be considered for dinicsl trial be- 
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result from i sm; k pleiotropk muutioo to moltipU druf 
resisUACc. with ail of iti DcgitiTt impikatioas to control- 
ling overgrowth of dnif-resistant cclii in Urgt body bur- 
dens of tumor Item celli by combinatioo chemothertpy, 
given either simultaneoualy or MquentitUy, ho been re-* 
ported by Ling (15.16) tnd inchided in these proceedings 
by Ling, Biedler, and othert. 

Appearance of tumor ccUa that are resif tant to a num- 
ber of anticancer druga with markedly different chemical 
atructurea and likely different biologic mechaniams of ac- 
tion during in vivo treatment with a aingle drug haa been 
repeatedly teen by us (2). and others (6,17,18). The drugi 
involved are primarily large polycydic compounds known 
or presumed to bind to or intercalau with DNA, to bind 
to tubulin or otherwise inhibit mitocia, or to inhibit prx>- 
tein synthesis. However, the variability of the croaa-r«- 
sistance patterns among these drugs is such that no pito- 
spectivc prediction that resistance to one of these drugs 
confers resistance to others among thia group of com- 
pounds can be made with great confidence of accuracy, in 
the absence of o^'ective data.. 

Murine Leufcemlaa 

Table 8 ahows some of th« cross-renstancss that wt 
have seen in therapy trials with P388 cells aelectad for r«- 
aistance to soms of these large polycydic anticancer 
drugs. While cross- resistance among these drugs ia com- 
mon, obvious exceptions are also coounon; eg, P388/ADR 
shows the greatest consistency of cross- resistance to oth- 
er large polycydic drugs, but the P388/Act D retains es- 



sentuUy fuU sensitivity to ADR, dihydroxywithracenedi- 
one (mitoaantrone), and VP.16-213. P388A^CR ret^ 
marked sensitivity to ADR, dihydroryanthrtcenedi^ 
Act D, and VP.1M13: hcwtv^ ?^ 
P388/ADR both are mj^kedly cros^'re^^,,^^ 
hamngtomne, while P388/ar«-C shows marked CS^ 
homoharringtonine(19)(uble6). 

Mammary AdenocarcinomA 16/C 

We have recenUy observed resistance and croas-resist- 
snce to members of this group of large polycydic antican- 
cer drun with at least one drug-sensitive solid tumor 
suggestmg that spontaneous pleiotropie muution to mul-* 
Uple drug resistance (ADR and VCR) alao may occur in 
advanc«i solid tumors. These daU are shown ia fiffur« 
1.3. B6C3P, (CS7BU6 9 - C3H a) mi« Z^^^. 
planted mammary adenocarcinoma 16/C rsnginf in aiza 
from 50 to 500 mg (mean sixs. about 280 mg) were treatp 
edwith ADR alone or CPA ♦ ADR* 5-rU(CAF).Ooti. 
mal regression responses of individual tumors ar« shown 
ui figurs 1. Overgrowth of presumsd ADR-resiatant tu- 
mors occarred early during tratmcnt with ADR akaA 

i'fr^'f^^^J^^ ^^''^ X. P«id 3), Tumor 
8 (fig 1, panel 3), 288 mg at start of CAP trsatment. r»- 
o P*^**"* «» by Day 2 1 ( 1 1 days af tar 
start of CAP treatment and 4 days after second treat- 
ment) and grossly evident tumor resppearKi on Day 38 
after implant and 7 days before last trvatmcnt On Day 
71 after implant (26 days after last treatment), tumo^ 
bearing Mouse 8 wu killed and the tumor wma passed to 
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Canctr Tr«4tm«ni Reports 



C3Fi mice and Mhiily tr&aspl*ntcd throufb six addi* 
naJ pasufes without druf treatmtnt. The seveoth pa*- 
« in B6C3Fi mice was treated in parallel (in separate 
:e) with the parent tumor (not previously treated with 
g). The drug* resistant tumor selected by CAF (ftf I, 
el 3. Tumor 8) wu resisUnt to ADR but showed little 
to resistance to either CPA or 5-FU (data not shown), 
•"hen B6(^Fi mice were implanted sc bilaterally^ and 
ited with ADR, the ADR-sensitive tumor failed to ap- 
r (fig 2, panel 3) before the ADR-resistant tumor grew 
I lethal body burden (fig 2. panel 4). At a lower drug 
- of ADR. some of the ADR*sensitive tumors grew (fig 
tanel 5) but all of the ADR-resiaUnt tumors grew to 
ble size and overgrew the ADR-senaitivc tumors in 
same hoc! mice (fig 2. panel 6). In a separau ezpcrv 
It. the same ADR-resisunt I6/C and ADR-aensitive 
eat tumor* were similarly bilaterally implanted in 
:3Fi mice and treated with VCR (fig 3). The ADR-r»- 
ant tumor overgrew and killed the mice (fig 3, panek 
id 6). while the ADR-sensitive tumor waa markedly 
bited by treatment with VCR. We inurprtt theat 
I to indicate that spontaneous mutation to resistance 
sDR ia accompanied by marked resistance to VCR in a 
or subline that had never been previoualy exposed to 
^. This is a convincing example of likely pleiotropic 
tiple drug resiatance in an advanced murine mam- 
y tumor that had never been ezpoaed to one of the 
|s (VCR) to which it ia now resistant 
) our knowledge, cross-resistance of this kind has 
1 observed and reported only once before. Kaye and 
en (20) have reported that Ridgway osteogenic aar- 
a. selected for resistance to Act D under treatment 
I Act D. was cross-resistAnt to both ADR and VCR 
not to CPA. Therefore, this type of pleiotropic drug 
iUnce is obviously not unique to murine leukemias or 
imary adenocarcinoma 16/C and we should expect to 
t again. 

ilattrai Cross-Resistance 

Ve have previously reported that L121(Vl-PAM and 
d8/L-PAM show marked cross- resisu net to treatment 
:h DDPt, but Ll21Q/DDPt and P38Sa)DPt reuin 
^ut the same sensitivity to treatment with L*PAlf as 
he parent L121(V0 and P38«ft aUiUbka 4 and 5). 
nors (22) had previoualy repq^ratt a line of Walk- 
56 carcinosarcoma in rata, ajS^^^ raaktanoa to 
\M, was completely cra«»-r«BG^i|i tnatmtnt with 
X but whether or not Walkes'aStraiiitant to ODPt 
respond to treatment with L*PA1I haf not be«o r^ 
ed. 

lother example of Nunilateral croas-reaistance ia 
vn in uble 5. P388/L-PAM is croaa-resisunt to treat- 



•r dnic*rr«t»tJiii lumwr wu imitfainiMl un the ntfhi biml iKons 
Ur pmmtt irun-wen^tttxr tumvr wAt impLintrd m- t#n Ibi* Ml i4l«*ml 
* of fvi-h mouv 



ment with VCR, but P388A^CR retains fuU sensitivity to 
treatment with L-PAM. 

These unilaural cross-resistances are not understood, 
but they could be imporUnt in drug selection for phasa ' 
I- II trials or combination chemotherapy studies. 

Use of Drug-Resistant Tumor Cells In New Drug 
Development 

The l-desza-7, 8-dihydropteridines (listed under mitot- 
ic inhibitors in Uble 5: NSC-181928, NSC269416. and 
NSC-330770) are of great interest becsuse of their anti- 
tumor activity against P388/0, P388/VCR, and 
P38a/MTX. Tht first compound in thta series was pre- 
pared as an intermediate in the synthesis of l-deaia^MTX 
(23). It was highly cytotoxic againat KB cells in culture, 
but had very limited and equivocal cytostatic activity 
against L1210 in vivo. It waa less active than MTX in in* 
hibiting DHFR. NSC-18I928. NSC-269416. and NSC- 
330770 were then prepared on the basis of their in vitro 
cytotoxic activity. They did not inhibit DHFR and their 
in vitro cytotoxicity was not reversed by folinic add (24). 
They were obeerved to reduct the body burden of P388 
stem cells by 4-5 logSio- Ib studying their medianian^a) 
of action, they were foxmd to compete with oolchidne for 
its binding sites on tubulin,* and VCR^rcsistsnt P388 
cells showed D;arked sensitivity to them. Additionally, 
they are markedly active against ?3&8/hSn in mica. Be- 
cause of these activities sgainat P388/0, P388/MTX. and 
P388/VCR. the following indicationa for teating in man 
appear plsusible: (a) trial against MTX-aenaitivc to- 
mors, particulariy if resiatance to MTX may be involved 
in ultimate treatment failure with MTX against initially 
hfrX-aoisitive tumors; ib) trial in combination with 
VCR, eg, against choriocarcinoma where KTIX ia uaeful 
and often curative when uaed alone, but where vinca al- 
kaloids increase the therapeutic effectiveneaa of dnlg 
treatment when uaed with MTX or aa aecond-generation 
treatment; and (c) triel in childhood ALL where both 
VCR and BfTX are used in remission induction and main* 
tenance therapy, and where, because of the size of the 
body burden of tumor stem cells at start of treatment, 
the overgrowth of tumor stem cells resistant to either 
VCR or MTX or both may be expected. Activity against 
both MTX- and VCR-resistant tumor ceUa appears to be 
uniqtM, particularly with this type of structural and func- 
tional daas of drugs. 

DISCUSSION 

Drug- resistant sublines of transplantable murine leuke- 
mtaa and solid tumon. with which significant and thera- 
peutically useful reduction of the body burden of tumor 
stem cells can be obtained by treutnient with < LDIO doe- 
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« of repnacntitiTei of til of tlM mijor chemkal and 
functional dajM of clinically aaefd tnticmnccr drags. 
hav» htsx bolatod. Rcsistanc*. croM-miitance. and col- 
lateral aenaithrity of tht drag -reaiatant murine kukemiu 
havt been datcrmined. Certain patUraa of drug n- 
sponaea of tiicac tumon appear to be cnoaiatent, and 
theae ahould be uaeful in providing objective indicationa 
for patient aelection for phaae I-U dinical triala. They 
could alao aerve u guides for drag selection for rlin ,^ 
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JooaJ and Dot ttroctnrmL thhoofh mmay, ofUtt not od- 
iemood, aoeptioiM to thk do oecar« 
Within feaon] fuictiaoAl rliMi of uttoaoer tfftota, 
g. tik^Utinc ifeata. croM-rMtum it cksM^ rebted to 
he preMDcc or ibKoce of nmikr or fnzKtioQd 
notetie* (5). 

In addition to the obrioot pranko that otilnatioQ of 
ata from rraiitanrf, nit niiili_LK_a, and CS atDdiM 
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APPENDIX V 




(CAM»ReSCAACM4/ 721 f^Mry 1914] 

Induction and Chemotherapeutic Response of Two Transplantable Ductal 
Adenocarcinomas of the Pancreas In CS7BL/6 Mlce^ 



- - r C./: 



AaSTHACT 

Fo*lowing implant at cotton thfBad-canying 3-m6thyWic3*afv 
threne into the pancr«as dssua of 90 C57BL/6 and 60 BALfl/c 
mica. 13 dav««op6d ductal adeoocarcviomas. Two of thasa 
tumors, both of C57BL/6 origh (P^ 02 »id 03). wara astab- 
lished in sarial ax. tranaplam. P« 02 waa trvatad with 37 
drffarant anticanoar drugs raprasantng al of tha <^iamic^ «id 
functional dassas of cynically usaful anticancer agams ndudng 
alkytating aganta, antimetabolites, agents that brid to or causa 
sdssion of DMA, and others that inhibit rrvtoais a nhibit prxnan 
synthesis. When dnjg treatment was started witfwi 3 to 4 days 
after tumor implant Pane 02 showed or^ Mted response to 
treatment with two nitrosoi^eas. ^^'^(4-OTino•2^Twthyl.5-py^- 
imidiny*)methy<|-A^.<2-ch*oroethy1)-W.nitroaoLre«, monohyt>o* 
chiorioe and NA2<tikmt!ttyy(H^'^2,^<»oxo^ 
trosouraa)). and A/«phosphonacetyi<-aap«iat». Drug response 
o^ Pw 03 was de te rmined only with AOi^nycin, SAxmnd, 
cyctophoaphamida. ca'(SP'^2><ii a mminedteh to r^ |j i attw . or 
W^5«s(2-chloroethyl)^-nftro80i^ When dr\jg fr«atment*was 
started 3 days attar tumor implant, high c« rataa w« obt^ied 
wTth AOiamycin treatment and fimrted therapeutic responses 
were seen to treatment with ci9-diamminedichloroplatvx«n or 
cydophosphamida. 

A companson of the b iologi ca l characteristics mj ^\jg 
sponaivenass of Pane 02 and Pw 03 with thoea of a nMbm 
of other transplantabia tumors of mice is repor te d, 

iHTnooucmoH 

to tha development of the tumors ns pated hv^, thn 
have been no transplantabia p^icreadc duct^ adviocmaxmas 
of mice avaitabia for chemotharvpy, radoltwi^, taoOmn' mM 
or biological stuftea. The in uee of trmm ^n^^ tunora 
(panoBas or other) o< hamelar* or Ilia tor moet c»iemotherapy 
studies is less deaMta thaif««r« mouse timra becauee of 
space requirements, M^iP a j i , i n» and >rtted m4jpiea of 
many investigational agancAl)(ul«d Iv uae of 
animats. n ia for theee 
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chjmealy induce pwwMtic tumors in inbr«j stnins of mica 
Two o» tf» 13 pancTBatic ductal adwwcarcinimas nauc^ 

w« succassfuly astatiishad in paasaga and stuaed tor Soto^ 
•cal and drug rwponsaeharaaaristka. 

MATERIALS AND METMOOS 

Mowed to COOL Looaa 3-MCA was acnned from tha ttL i tk--^ 

to axpoa^ ih» pancraaa. Tha cotton thned was ^ a*, 

TlwiTw p«»«ad and wai^ 

Twnthi postimpiimation of tht ^44CA ffvaed. ^ 

Tumor Nisage. Al turn uasd were m ai ma iwU ri svi^ passaoa 
nimhoa of ortgina«<torvaly,Chemomai aM ym^wwa earned out w 
■n F, hytjrtd Of tfw ho«t of origia is., mg tuixx wai tr^ttpi^ad 
tht ho« of ohgn strain mo F, ttytmd mics of thai tm for ins 
cnamocnaripy Ma. 

Chawwt^ertpT. Tha tachniguH of cha muOiap y «id Ma m^na 
hava t>«n pniaantad in iiM«rh«a (4. 7. a, 9. 17. lav Briafty 
ata tao. ths tea owinQ mathod wet uaad. Tha anim^ nacan«y to ba« 
■n ajtpgtmanf wwm pooM. impi«itad s.c. vvKh 30- to 6<Vmg timr 
'^^y^^^^y ^ocar.a nd^ 

tnavartM traaanam and oontrol gncxca. Chamotharapy wet stvtad 
wfthin 1 to 5 days after tmar im U a nuiU i, whia tha rur^ of oab 
was raiaavafy »nil dO' 10 10* osas: aarty^ag, <as«,sV Twa 
ffwawad wiai a calpar twice wwWy ijid a» oaam Of ffia «WT« w 
gga was ai^jad. Tunor wei^ «««« aaomaiad (ran 2-<Sknnoi« 



TuTwr wt (mQ) « (a X a^ 

6 «a ma umariv^ snd wwi (mm). reiPKaytfy. 
a for iMMsing Afiaamr AcMty. Tha taiowvig quvttK 
to f 



wharaaand 



(a)Per tamaga offi rT i M i>»hea«»iapan«100xt<MOOorthstraaia^ 
timr-oaanng mna) - (MOD of Oia ajnor-baartig oonaoi moaVMOO 
the ttfnor-^aanng oonaol r ' 



aw •ndfaraw T-C value, where T snd C wara the trm$m\ tta (days) 



*Th» i ^^ ■»■ uti ■^^^ay^ 3 MCA.3^m■aly tJ^ ■ n rvw^r.MD0 f 

TO ftjnor voum OMoang M; LO* ooMQi 9m cmm^ wtr^m^ n 
10% at mot; T^. bmr growVi detr ROS. ftk^wty ormo^n %mrx^ S-^. 

nsarsfc A0«, Aommfcmx (NSC 123127K 
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rwunA tar tht U i «u iMnt ra tfK oomrol group tumors. r«sp«e- 
(Tv«ly. to rMch « prtdftVTTwiad » (500 or 7S0 mg|. Tumor-lrM 
strvivcn WW nrcJudfj from triM Cilaations. in oir fudgmtnt M 
valu* wo fha sngit mott importjm cmtnon of antitumor tfftarvmss 
becauM (t liowttd ih* q um o ta tion of tumor oal ki. 

Calci^tton ol Tumor M UL For s.c -growing tumors. tn« log«o oal 
kiM par oosa was cakxOatad from tna fo i o wr g: 



Log.o ptr dOM • 



T'C valua ti <laya 

(3.32) (TO) (no. of 



wiw« TD On daya) was astimatad from tha baat-fH straight Ina from a 
log-iinaar growtn plot of tha oontroi ^oup tumors in axponanttaf ^owtfi 
(100- to 8(X>*mg ranga^ Tha c onvar si on of M T^ vaiuaa to logi* oal 
kii was possiM bacausa tha TO of tLmors la g i o wi ng poattraconant 
aoproxvnatad tha TO valuas of tha tunors r untraatad co i iuu mioa. 

Log,o Ml ki ((gross or totaO - ^^^J^^^ 
Logto oal lui(nat) 

(T-C valua in days) - (dtfition of traatmant in daya) 

(3.32) (TD) 

n tha logn oal kl (nat) valua was po^irm, lhara wara litwar oaia 
praaant at tha and of tharapy than at tfw start, if, on tha othar hand, tha 
valua was nagativa. tha timor 7a m vidar traatmant. A poaittya groaa 
valua with a nagattva nat valua ndfcatad fitibition of grcwftfi of tha ttanor 
cal population ixmg drug traatmant. 

TTm logif lul vafcjaa warv oon^^rtad to an artitia^ adMty rsttig 
pubianad prvviousfy (TaPla 1) (8). 

tt has baan oi# axpananoa (has, if tNa cmi vi sio n to not uaod. a afen^ 
in faction wil vivanaPfy appaar supartor to longar traatmarn ra^nana 
Whan nat cal luts ara co mpa n s d . Ui«wia«. tharapiaa of >20 days w« 
appaar supanor to singia injacdon ichartJaa if 9oaa tunor oal lAiara 
evaiuatad and compara d (TaM 1). No agvn racarwad a adMty 
rating tfiiaaa a 40% or graatar pansantaga 0^ fwaaa in host Mi ipflfi 
valua was itso obtanad. An actrvity rMng of 4^ or » * m ia naadad 
to affaci partial or oompiata ra^vsaiona of 100- to 300-mg maaaaa of 
moat trai'iBpiamad sold tLxnors of mioa (8. 9^ THja, an acttvUy nttng of 
> or ^-t^ woiid not ba acorad aa acthw by uaual tfracH orttartiL 

I na ^uwui ano wiarnocnaripauDC rvaporwa owvvf ov a 1 
atta ti^nors of mioa wva uaad tar compariaon with tha 2 1 
panaa a tic ductal adanocvonornaa. Tha induction (or Uaooiary) and 

rasporaa charBctansttca of tfv talMfvig tumors ttaan 
sorted: Cotan 36. Si. and 26 (3. 4, 7. 8. 17. 18^ Mammary 16^ 0. 8l 
9. 17): AOS (15. 17. 24); ^PtMnduoad o a ta og ani c sartxm (8. 12). Tha 
'"Pu-induoad oaiaoganic aarooma ww oficainad as a oal oJtn au»> 
panaoi from Or. L A. Qtaagow. t Ma nMtfy rsastaPlahad in vmo 
taiowng S.C impl|[|l lha oAnd oiii in C57BLV6 mtoau 

RCSULTl 

Tumor Muctton vi4 T^vnor lloAogy. Tha induction of pirv 
cTMtta ductal •danocardnGmas by tha i ii pta i na t ha n of oonon 
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trvwls utmwj wmi 3^AACA wu tttvnptad on 60 BALB/c 
and 90 CSTBLJt miot. Ths tumors met mom with short tatancy 
p^iods (<220 dcys) wn usuily ftroMfoomas Of tunor? corv 
taming sarcomatcxis ata m a nts , Thoaa tLinors that arosa witn tha 
longer latancy pahods wva fraquantfy pancreatic dtxtaf adano- 
caranomas (TaWa 2). Indaed, no pancraatic ductal adanocart> 
nomas arose befora 220 days poetimplantation of tha carcino- 
gen, and ixiiy iSof 43of trwfibroaarcomastfidmixadtumors 
arosa after that period. Two of the 13 pancraatic ductal adeno- 
cartanomas were estabished in serial passage (Pane 02. tatancy 
528 days: and Pane 03, tatancy 473 days). Tha other 11 ade- 
nocarcinomas ware trartsplanted but faiad to suvive tha first 
passage. The bioiogical chractaristics of Pane 02 and 03 are 
listed in Table 3 and compared with 6 other transplantable solid 
tumors of rwca. P hotomicrographs of Pane 02 and Pmc 03 are 
snown in Figs, 1 to 4. 

Pane 02 ori^tad as a Grade II tunor (Grade tV being 
undifferentiated), producing oopioue amounts of f^ d and^iio ar- 
ating through tha skin after trocar implant (without infection or 
necrosis) at a very smal size (<400 mg). The tuiwr atao c anlad 
a benign corvwctive tissue compor^ent G^ven the eerty surface 
uk»r8t>on and fKjd production propertiaa, the tumor was unsut- 
aM for chemotherapy trials. At passage 26, the tunor was 
estabished n cai oitire by methods desoibed pryviou ify (25).. 
Aftv transpltfttation tMCk into mice, the tunor retained a wei- 
diffventiatad rwtoiogicaj appaaranoe (a Grade W tunor) but 
produced very Me fkid. (fid not iicarata to the si^faoe at a 
smtf size, vid contained no cor¥iectjv tbaue eAemertts. Al 
cheiTOtherapy trials were carried out in mice on the Ine pas saged 
in cri cutture. We fouxj Parw 02 to be among the moet meta- 
static soid tunors evaluated to data (grosa metastases were 



seen in the lungs of >70% of al timr deaths). Srgic^ remove 
of 500- to 900-mg sx. tunors (15 days poetimplant of 30> to 
60^ fragmem s : 29th passage) resiitad in only one on in 15 
mice. Metastases were noted in the lungs, lyrnph nodes, and 
kidneys. No postsurgical primary site ragrowths ocarred. 

Pane 03 also originated as a Grade U tumor, producing fluid 'w\ 
variable quantities and also ul ceratin g to the sufaoe. afthough 
usuatfy at sizes >600 mg. The tumor was sutable for chemo> 
therapy trials. Ho attempt was made to estab&sh Pane 03 in eel 
cuttue. The metastttic behavior of Pane 03 remains to be 
detemined at a size suitable for suigicai removal (500 to 1500 
mg). afthoug^ groaa metastases in the lungs were seen n only 
5 of 28 mice dying from targe s.c tunor masses. 

Chem o therap y . Pane 02 at an eariy stage of development 
(30- to 6()-mg sUe) vvas examined for therapeutic respcrisiveness 
to 37 a rrti ca r K ar agents. These agents were used by schedules 
and routes of adu wii stiaUu ii known to be active against other 
transplantable nnousa timrt« (Except fdr tubercidn (NSC 
56408), which was found to be inactive against al transplanted 
sold tunors evaluated to date]. A minimum of 3 dosage levels 
(usualy 10 mioe/group) were evaluated (-1.5. 1.0. and 0.67 x 
historic \J)t9 valuea). In al caaae. the highest dose was toxic 
(>LDaJ, estabishing adaduate treatment. Tumor growth plots 
of P«v 02 treated with 5-FU (NSC 19893) wid AOft are shown 
as typical examplae (Charts 1 arvj 2). The N^Mt nontoxic 
doaage («LDiJ was evaluated tor antitmr acttvity (Tabie 4). 
At the higheet nontoxic dosage (LDi« or teas), none of the agents 
evaluatad was o on si darad to be even modersteiy active (^^ 
activity rating, tha minimum de^ee of oel kSrig needed to effect 
pvtial regresaions of most uan spla n ta ble sold turm of mice). 
ly^-m agents wmr% weaMy active (+ activity rating): 2 nitrosou- 



\ct2 



Tidba 



Timr 









>«0 




iMTOMI 




<S 




>m 




>eo 


1f74 


>eD 


itre 




iipa/a 


<i 





0«y««ar vx. 
maas vraatft 
SOOmgMr 
ttULS irnpMni of 

scvmgtie- 


Dcyt ofi^ 
Qon ttjRvr 

ooS-aoo 

mg) 






2.1-4^ 


i 


3M3 (2S) 


4>-a.i 


« 


la-am 


i1-5.0 


m 


1«4 (17) 






11-11 (U) 


2.0-3.0 


■ 


T-11 m 


U-2.0 


N 


T-10 m 


1.2-1 9 


IV 


11-15 (131 


t -4-2.0 



Colon 36 
CfiionSI 
Ccian2e 



OfiSir 

AOS 





* Baaanvig tfwr% 



• Ut«ncy. 473 



72 (Martti 19S31. 



FEBnUAAY I9d4 



71 



T.H.Coftmtt«ttL 




S 



o 20 35 «o 55 io fo — to — 5o" 



1 I t 




OATS 3. r. II 



ICDUH r-C • &.4 OATS 



.No 



C 20 30 «0 30 «0 70 
OATS POSTM^UkMT 

fltf psnoTMi cvcinonw GS. Ftf i 



1 1 t 




roac-a>so 
w Mc/KC/ooat. /V 

OATS \ 7. II 



T-C - W DAYS 



OMQCATVas/« 

' OTO I 



o 20 M «o ao 



70 to 90 CO 




3T 



OATS 3b r. It 



kCOMN T-C • at OATS 



0CAn« o/« 



30 AO 35 «4 TO 

OATS miM^AMT 



90 OO 



t ponad kor 3 



5 




K*MBi or CUT>« 4(-M 



* 




1 1 1 






T03ac-u»so 




AOMAIffTCM 

10 UQ/K&t'OOK. IV 


/ 


OATS 3b 7.11 


ICDIMI T<< • tL9 QATt 


aurm %m 








720 



HI 



CANCEB RESEARCH VOL. 44 



emylHVwvtrwourec (NSC 245382) and W-(2<hloroethyl>W'- 
(2.6^xo-3"pip«'any0^vi^trosara (NSC 95466); and N-p^ 
phonacetyH-aspartata (NSC 224131) (TaM 4). 

The insensitivTty of this highly metastatic tUDor to the broad 
range of cnemotTkarapeutic agents was odvious^ of great inter* 
est, stnce it mimicked the majority of human tumors of this type. 
We considered the possibifity that the unmponsrver^ess may 
have been the resUt of passage of the tumor through eel oitm. 
Although thts possibifety cannot be totaly nied out fa this 
particular tumor, many other tumors retain merited resportsive- 
oess to antiproiferative agents after passage in oitue. For 
example, al in vivo chemotnerapy thals with the **Pu-induoad 
osteogenic sarcoma (Ksted in Table 6) were carried out on a 
tumor dertved from a ctM culture line (12). We atoo maintained a 
cell cutture line of Colon 26 that retained marlced responsiveness 
to the nitrosourBas and moderate responsiveness to 5-FU when 
tested in mice.* 

We also considered the possibiity that the tissue of origin may 
have been responsibie for the broad insensitivity of Pane 02. It 
is wel known that many timors arising from oertain tissues have 
a high degree of respororyerwss to selected agents. Examplee 
are nunrterous: Wilm's timor to actinomycin 0. Hodgkin's dbaese 
to procarbazine, breast timxs to AOR. acuta myeloblastic leu- 
kerrw to 1 *^-o-arabinofuranoeytcytosine. testiciiar career to OS* 
OOPt. leukernias to mariy of the avaitable arntturnor agents, 
etc. It rs atso wetf knomn that many tumors retain differentiated 
features of the tissue of origin and, thus, may retain drug 
sensitrvrties of the tissue ohgin (or altematefy acquire a partiaiar 
sensitivTty because of the particUar state of drfferemiatkan at the 
tvne the cancer oonversion took piaoe. We considered the poe- 
sfbility that the oppo ait e oouM also ooo^. i.e., generalized insert 
sitivTty could be rotated to the intrinsic properties of the ttsaue of 
origin. Thus, one woUd protect that the other transpiantabie 
pancreatk: tumor wouU also be equaty drug inaensittve. Pane 
03 has only recentty been passed in vivo for a sufficient number 
of generations to estabiah a reproducible take-rate and the 
stable growth behavior necessary for objecttvefy reftabie chem- 
otherapy trials. The resutts with the ftrst 5 agents evakiated 
provided a defMive answer to the issue. Pane 03, which ia 
stower growing and teas metastatic than Pane 02, was marked 
sensitrve to ADA (8 of 10 oree of early-stage Jaian and a 3.3 
log^e tumor oel kil among tfioee 2 turvn not cmd), and 
modestly responsive to ci»-00fl and carboxypeptkSaae A (1.1 
and 1.8 tog,, cef kl. raapedMy) (Tabia 5). rwther 5-FU nor 
^,N'-brs(2<hk3rDethy4) H \ pimj u m wm acttw (T«ble 5). 

DISCUSSION 

The o&soovery theee 2 tanaptantabto pancreatic ductal 
aoenocarcinomM o^ mice may provide expenrtwrtal tumor 
models ctn U6 b totogicai, btochemical, radto<herapeut»c 
and chemotherapeutie studies of this g erw a ty irraaponeivt 
cancer of hunans. Although the testing wTth Pane 03 was Imited. 
the marked responsiven«ss of this timr to ADA «id the mod- 
erate responsrveness to os-OOPt ar4 cydophoephemide may 
provide a ratxsnaie for a dink:al trial with the potentiating com- 
binations of AOR + c/s-OOPt (2. 20) or AOR ^ os-OOPt ^ 



* T. H. Corbvn are B. J. Raovn. \fioJotarwa rvaiits. 



cyckaphosohamkle (1 1). Based on the relative activities Of these 
agents against Pane 03. a dosage rat» oontairwig the ^^^^est 
praportxsn ctf AOR woukj be favored for combihation usage (9. 
22. 23). Enthusiasm for the chemotherapeutie treatment of pan^ 
creatic cancer with cumentfy available agents is, howwer. tem- 
pered by the results obtained with Pane 02: a tumor model that 

seems to mirnic the modest to poor results of mariy driical trials 
in humvtt (10, 13. 14. 26. 27). 

The finding of ^jmor (Pane 02) that is intrinsicaty ^sensitive 
to 34 different arAmr agents nrc only weakly responsive to 
3 o thers a pa ^wpe not completely unexpected if one considers 
the general patterns of antitLvnor drug responses in other trans- 
plantable solid tumors of mk:e. It has been recogr^zed for many 
years that in most cases, there are deM* differences between 
resistance and innate insensitivity to an antitumor agent (6. 21 ). 
In the ftr^ case, the tumor responds to treatment, often undergo- 
ing a proky^ remissaon or regressioa or^ to eventually 
regrow in the face of the %mm continuing drug therapy. This 
regrowth is usualy due to eels specificaKy resists mttm 
pertiaty or eompletefy, to the <tug (19). It is generaiy accepted 
that tumor stem oels specifteaiy resistant to any drug arx) not 
induced by drug treatment are «(ii»y to be present (one of 10* to 
10*) in.the primary tunor (19). In the second case, the nmr 
that is intrinsicaly insensitive to the agent wil continue to grow, 
vi^hout evidence of en initial resporM, iraffected by maxknm 
toierMd dosages (-LDi J. in other words, the ii ' m fc alce i y fiaew 
Sftlve timer ceis possess no more vulnerabttty to the ^rtipro- 
fiferstive agent than do the normal oels of the host that are 
resporaibie for the doeege Irrvutions, e.g.. WBC. platelets. ar>d 
growth-inhisfting ep ith eiunft The essential feature of drxjg re- 
sponse in randomly c h ose n transptarrtable soAd tunors rs the 
absence of an orderly or predbctabie pattern of either vulrwabct- 
ities or intrinsic insensitivTties to any given set of a n tiproli f erative 
agerrts (althou^ there is often an increase in the freqijency of 
tunon from a given organ system that resportd to a particular 
(»ug. e.g.. '-60% of transplantable breast tumors respond weH 
to AOR). 

Cxam piea of the haphazard resporae patterns of several 
tumors are isted in Tabie 6. These range from amor^g the most 
re sp on si ve of sold tumors (ROS) to among the meet urvesporv 
sive (Colon 51 end Pane 02). Eech of these tuners is imhnscaity 
insenarttve, and eech (except Pstk 02) is markedTy sensitive to 
one or more otf the egertts Isted. Reciprocal patterns of sensitiv- 
itiea are common annong these and other tumors (4, 6). For 
example. Mammary 1 6/e is highiy resportsive to AOR and insen- 
sitive to M//'-bia(2<hioroethyf>M-nitroeouea the opposite pat* 
tern is seen with Cokan 26 (NgNy responsive to N>^'-bis(2* 
O \kji uethyfyM«nitruecM ea and Inaenarttve to AOR). In another 
ex»T^, Colon 36 la hi^ senaitNe to l-^-D-areblnofiranosyi- 
cytoeine and insensitive to N-(2<hk3roethy(>^'<(2.6Ndk>xo-3-p»- 
penSnyf^'^vtroeoma; the opposite pettam ka seen with Colon 
51. mterestingty. both Coion 36 and 51 were induced in the 
s«m organ with the seme doee of the same carcinogen in the 
sanw birthdate batch of inbred BALB/c mice from the same 
suppiv (3), luatrattng that the spedfk: senaitlvWes of tumors to 
currently avtttabia dmgs may often be acquired unpredctabiy 
during carbnogenests. and are clearly independent of host fac- 
tors. 

In isolated tnstarKes. intrinsic insensitivrties to a panicuiar 
antitumor agent coukS be due to a specific mutational event (e.g. . 
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Cfmnatrmrwpf at 2 Pm tu mt ic Ductwi rumors at Alto« 

U tittton or d<oxycytkan< kinast tear 1-»o-<riano»jino«ytayto- 
snt rvsifltanot) ooartng witrin tht frit tow oal Ooubings of 
the original Ujnoranttlhui, b < UJ <Twi g a hi^v»Bqu<nc« «■ typ» 
witfw ma tunor rrwss. Howvvar. mutati^^ 
to one agent («sp6Ciaiy aicytating agants an d antim a ttboitas) 
rwnotproduoadfasatanoetofnostagant5 0#<Sff8»iiigcharnical 
classes and diffaringmact«ntsrao*«»n (19^^ Thus, the insao- 
srtivities to several different antiproiferative agents cA <ifferent 
chemical ctassas that appe^ to occu* in al tmrs (Refs. 4. 5. 
and 8; TatJia 6), « tf*a*y to be expiained t)y miitipta 
events wt**i independe n tly occur at a frequency of onfy 10"* to 
1(r*. f\MMm, any hypothetical mutation to rcsistanoe that woiid 
coifw broad insensrtWty to multiple dassas of antiproifentive 
agents woiid saem inoonsistarn with the pattern of mariied 
v^^mbfttias that haphazanSy ooor in these same wen 
(Refs. 4. 5. and 8: Table 0). 

The cq it^ tio n that any tumor wii respond to any of the 
antittfnor «\jgs if treatment is initiatad at a smal enough size 
(favorable growth lonetic sutua) is simply not true (6). Many 
rapidly yowng timn fce Pane 02, Coksn 26. Colon SI . «Pu- 
hduoed o ste ogeni c sarcoma, mammary adenocarcinoma l6/c, 
and even ROS ve totaly insensitive at a smal size to dosages 
of agvns that ve cmtive for one or mora of the other tuners 
as wel as selectad slower-growing tumors. 

Thus, in the ex y in a tion of a large number o* (tffereni tfans- 
pitfTtable sold tunors of mice frxam various o^^en systems, it is 
dBM' that eatf) has a dlfterent pattern and degree o< rasponsive- 
neee to ctfTwrtty avtftabia antmtrwr agants (4. 5^8. 17, 
24). Some «e marl^etfy vulnerable to saveni cffferent ageritt 
frorn savers chemical dasaaa (e-g., ROS), whereas most others 
M rrwMtly v\*ier^ to only a tew and often orty one agent 
or dasa of agants {eig.. Colon 51). Al eppeer to hava a few very 
modest re sp q ia ee to maximun toieretad dosages of various 
(tugs, but theee woJd be dasaifled as inactive by clinical 
st^uS^xls (p«1W regressions required for actMty). Al transpi^ 
able tuners exwned appeer to be intrtnsicaly insenartive to 
savers agents that are higNy ectJve against some other tumor. 

m gvwtf , one wtehes to evaluate the chemotherapeutic re- 
sponaa chwctwisttes of a number of transptentable tumors 
from a ^ org«i system and histoiogteal type in the hopes of 

frvftig raduidtfKiee in v\Aierabilttes that coiid translate into 
ueafii sritfe agent end oombinatkxvagent treatments tor the 
CMC m sMctad tunor typae (e.g.. breMt), a degree of redun . 
droy haa be«i fouid (1 . 5. leV m other caaaa (e.g, . coiortctal 
tunorsK e more rwdom petiem of vunerebwaet^^ 
(4 8, 9). ™a W» timars mm Pane 02) prwdes few 

dH(^ «id may cauae one to quaetion the methods by 
whitfi most antltuner agents are ^'^'^^^^^^''^^ 
saiactM aowita » the baala of the peaJer *ug response 
(j M aue ii saca (vi^irtsWea) of a ling^ uKommon tuw of 
n«an<*v«- origin (P388 l*icaml.y^ 
seleceon model (w«h a certain set of marked w^wbibes) 
reoeatadK select M same typae of egente with the same 
tZam^mm of a HM^ «>» i tt^ ectMty? is K not reaaonabie to 
•aaume e« other tunon, eapedaiy of eciodennal or entoder- 
attV may have rnarked vxinerab«iee to agents inactive 

^ modest ecttvity egeinet a tnie cancer 

whic*» coJd be ri^oved upon with analog synthesis) may be 

JSoSsdbecauia of the manned vU^^ 

section rDOd* (P388) to so many antiproWeration targets'' 
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